
DOCUMENT RESUME

ED 089 730 IR 000 442

AUTHOR Dansereau, D. R.; And Others
TITLE Factors Related to Developing Instructional

Information Sequences: Phase I. Final Report.
INSTITUTION Air Force Human Resources Lab., Lowry AFB, Colo.

Technical Training Div.; Texas Christian Univ., Fort
Worth.

REPORT NO AFHRL- TR- 73 -51 -1

PUB DATE Mar 74
NOTE 81p.

EDRS PRICE MF-$0.75 HC-$4.20 PLUS POSTAGE
DESCRIPTORS Academic Achievement; *Computer Assisted Instruction;

Educational Research; Individual Differences;
*Individualized Instruction; *Instructional
Materials; Measurement; Methodology; *Sequential
Approach; *Sequential Programs; Technical Education;
Time Factors (Learning)

IDENTIFIERS Cloze Comprehension; *Inscal Multidimensional
Scaling; Post Instructional Similarity Ratings

ABSTRACT
A two-phased research project sought to develop

instructional sequences for computer-assisted technical training
materials which would reduce student learning time. In Phase I,
technical concepts embedded in training materials were subjected to
Inscal Multidimensional Scaling to determine their complexity and
relationships; the materials were then revised. Pictorial analogues
of verbal materials and tests were developed and the added measures
of 1) Cloze Comprehension, 2) Concept Cloze Comprehension, and 3)
Post-Instructional Concept Similarity Ratings were used. Analysis of
performance measures indicated that the Inscal technique aided the
definition of information complexity of technical material, the
development of sequences of concepts, and the creation of an index of
inter-rater consensus. Parameter values selected for the Phase II
experiment included: 1) determination of presentation rate; 2)
selection of performance measures; 3) refinement of presentation and
test modes; 4) selection of three instructional sequences; and 5)
inclusion of individual difference measures to assess variance in
student aptitude. (Author/PB)



iiR FORCE 0',

H
U

I I

11111

A
N

R
EDUCATION

U I. DEPARTMENT OF HEALTH,
EDUCATION a
NATIONAL INSTITUTE OF

MI5 DOCUMENT' MA'. BEEN REPRO

TATE° ONO Nor NE CCS',4RILN REPRE

f-,E PERSON CR ORGANIZATION ORIGIN
TING IT POINTS CI- ViCW OR OPINIONS

JCED EXACTLy A'S %,E CEIVED FROM

ENT OFFIC'AL NAPONA. INSTi7 UTE OF
DUCATION POS6nON OR POLICY

0

It'

R
CE

J S_....r

.4...

AFHRLTR73-51(I)

FACTORS RELATED TO DEVELOPING INSTRUCTIONAL
INFORMATION SEQUENCES: PHASE I

By

D. R. Dansereau
S. H. Evans
A. D. Wright

G. Long
T. Actkinson

Texas Christian University
Fort Worth, Texas 76129

TECHNICAL TRAINING DIVISION
Lowry Air Force Base, Colorado 80230

March 1974
Final Report for Period April August 1973

Approved for public release; distribution unlimited.

LABORATORY

IIMM=M111=1111111

AIR FORCE SYSTEMS COMMAND
BROOKS AIR FORCE BASE,TEXAS 78235



NOTICE

When US Government drawings, specifications, or other data are used
for any purpose other than a definitely related Government
procurement operation, the Government thereby incurs no
responsibility nor any obligation whatsoever, and the fact that the
Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data is not to be regarded by
implication or otherwise, as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way
be related thereto.

This final report was submitted by Texas Christian University, Fort
Worth, Texas 76129, under contract F41609-73.00023, project 1121,
with the Air Force Human Resources Laboratory (AFSC), Brooks Air
Force Base, Texas 78235. Dr. Gerard M. Deignan, Technical Training
Division, was the contract monitor.

This report has been reviewed and cleared for open publication and/or
public release by the appropriate Office' of Information (01) in
accordance with AFR 190.17 and DoDD 5230.9. There is no objection
to unlimited distribution of this report to the public at large, or by
DDC to the National Technical Information Service (NM).

This technical report has been reviewed and is approved.

MARTY R. ROCKWAY, Technical Director
Technical Training Division

Approved for publication.

HAROLD E. FISCHER, Colonel, USAF
Commander



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dale Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

1, REPORT NUMBER

AFHRL-TR-73-51(I)

2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitle)

FACTORS RELATED TO DEVELOPING INSTRUCTIONAL
INFORMATION SEQUENCES: PHASE I

5. TYPE OF REPORT h PERIOD COVERED

Final
April - August 1973

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(*)
D. R. Dansereau G. Long
S. H. Evans T. Actkinson
A. D. Wright

8. CONTRACT OR GRANT NUMBER(s)

1.41609-73-C-0023

s. PERFORMING ORGANIZATION NAME AND ADDRESS

Texas Christian University
Fort Worth, Texas 76129

10. PROGRAM ELEMENT, PROJECT, TASK
AREA 6 WORK UNIT NUMBERS

1121-01-19

H. CONTROLLING OFFICE NAME AND ADDRESS

HQ Air Force Human Resources Laboratory
Brooks Air Force Base, Texas 78235

12. REPORT DATE

March 1974
13. NUMBER OF PAGES

180
(4 MONITORING AGENCY NAME 6 ADDRESS(if different from Controlleng Office)

Technical Training Division
Air Force Human Resources Laboratory
Lowry Air Force Base, Colorado 80230

IS. SECURITY CLASS. (of thee report)

Unclassified

15a, DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public releese; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract enlisted in Block 20, II different from Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

technical training individual differences
information sequences
optimal instructional information
computer based training

20. ABSTRACT (Continue on reverse tads If necessary and Identify by block number)
This report represents Phase I of a two phased research effort directed toward
the development and implementation of an objective methodology for determining
effective instructional sequences for technical training material. Technical
concepts embedded within technical material were subjected to Instal Multi-
dimensional Scaling to determine the complexity and concept interrelationships
of unrevised material, presently employed in three Air Force technical courses.
Revision of the material according to different principles of sequencing
concepts was accomplished. Pictorial and print material versions to includ-

DD F°Rm 14731 JAN 73 EDITION OF I NOV 65 IS OBSOLETE
UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS pAGE(When Dare Entered)

BLOCK 20 CONTINUED

corresponding pictorial and print multiple choice tests were developed.
Additional measures included standard Cloze, concept Cloze, and concept
similarity measures of student comprehension. Conclusions from three Phase I
pilot studies conducted to select parameter values for the Phase II main
experiment were (1) technical material differed significantly in difficulty
level on five performance measures. Two difficulty levels were selected for
Phase II experimentation, (2) 45 sec presentation rate of stimulus materials
in print versus pictorial modes led to median performance levels, thus avoiding
"ceiling" and "floor" effects associated with other presentation rates, and
(3) four instructional sequences were derived from Inscal methodology based
upon several sequencing principles. Two sequences in addition to the unrevised
Air Force sequence were selected for inclusion in the Phase II main experiment.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Dare Entered)



Summary

PROBLEM. One goal of technical training is to minimize the time required
for students to acquire task-related information and skills. To this
end, task analyses are used to identify and formulate relevant
instructional content. However, the determination and validation of
performance-facilitating instructional sequences has been an area
dominated by intuitive as opposed to scientific approaches. Within
computer-based instructional systems, the impact of instructional
sequences upon student time to attain instructional objectives is
clearly important. Lacking reliable and valid information concerning
effective instructional sequences, the potential of computer technology
to expedite student progress is unduly limited. The objective of the
present 2- phased research project is to reduce this knowledge gap by:
(1) a review and synthesis of factors related to information sequencing,
(2) application of developments in measurement technology for the
purpose of objectively measuring and developing improved instructional
sequences, and (3) conducting pilot research to determine parameter
values for inclusion in the Phase II investigation of Air Force technical
information sequences.

APPROACH. Technical materials, ranging in difficulty level, were
selected from three. different Air Force technical training courses.
Inscal multidimensional scaling methodology was applied to the course
material and to concept similarity, ratings obtained from technical
experts within the academic and military communities.

Pictorial analogs of the verbal instructional material,contained within
the original Air Force material were developed. Similarly, non-verbal
pictorial multiple choice tests were developed to correspond to the
verbal multiple choice tests of each of the three instructional packages.
Additional measures of student performance include: (1) Cloze Comprehension,
(2) Concept Cloze Comprehension, and (3) Post-Instructional Concept
Similarity Ratings.

In addition to the original Air Force sequence, computer algorithms were
developed to provide two different instructional sequences for each
instructional package. Instructional information sequences were presented
to subjects in either pictorial or printed form and performance measures
gathered.

FINDINGS. Inscal multidimensional scaling was shown to be of value with
respect to (1) defining the information complexity of technical material,
(2) developing sequences of key concepts within technical material, and
(3) providing an index of expert inter-rater consensus. When the Inscal
measure is obtained after student exposure to the material, Inscal
provides an indication of the correspondence between experts' understanding
of concept interrelationships. Pilot Study I reported correlations
ranging from .42 to .44 between student and expert judgments gathered
from pictorial and verbal presentation modes at a 45-second presentation
rate.



Pilot Study II indicated that the three Air Force instructional packages
differed significantly in difficulty as defined by performance on four
dependent measures. Various principles of sequencing were employed in
a third pilot study to probe and select instructional sequences likely
to influence student performance. Though Pilot Study III revealed no
statistically significant performance differences due to four
instructional sequences, sequences based upon certain concept proximity
principles appeared prdmising and thus, will be included in the Phase
II main experiment.

Critical literature analyses reported herein indicate that the superiority
of branching over non-branching sequences may be due to a methodological
artifact. Failure to control for equal numbers of frames presented
under both branching and non-branching sequences has t; :deafly resulted
in fewer frames presented to students under the branching condition.
Hence, the number of frames as opposed to the branching sequence per se
may be responsible for performance differences. Indeed, most branching
studies typically demonstrate no difference in achievement between
treatments, however, mean time savings to complete instruction are
usually associated with the branching condition.

CONCLUSIONS. Inscal has been shown to be an objective and versatile
measurement methodology. As a tool for defining and sequencing concept
interrelationships, Inscal offers potential payoff in developing sequences
tailored to the individual student in computer-based settings. Employed
as a post-instructional measure of concept interrelationships, Inscal
provides an index of congruence between expert and student understanding
of such interrelationships.

Parameter values selected for inclusion in the Phase II main experiment
included (1) determination of presentation rate, (2) selection of
multi-criteria performance measures, (3) refinement of pictorial and
print presentation modes to include pictorial and print multiple choice
tests, (4) selection of three instructional sequences, and (5) inclusion
of individual difference measures to assess variance in student aptitude.
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CHAPTER I

STIMULUS SEQUENCE: A REVIEW AND SYNTHESIS

Introduction

This section of the report is designed to acquaint
the reader with current issues and recent scientific
evidence (primarily since 1965) related to the impact of
certain variables upon the design and deyelopment.of
effective instructional sequences.

Prom a practical standpoint, technological support
for education is further advanced than is the corres-
ponding body of knowledge and principles which would
allow educators to capitalize fully on technology's
potential. Hence, important questions such as, "What
do you need to know to design a cost-effective instruc-
tional sequence to optimize individual student learning?"
or "How do you know the selected sequence is the beet
alternative sequence for the student?" are no longer
merely academic questions. Applied technology and its
future role in instruction depend in part on scientific
answers to these questions. In a sense, the technological
horse is pressing at the starting gate, waiting for its
scientific rider to catch up before its full potential
can be released.

To facilitate reader acquaintance with the issues
involved, this review will provide the following format:(1) specify the issue, (2) identify the variables
relevant to the study of sequencing, (3) provide an
assessment of the adequacy of research supporting
conclusions about each variable, and (4) recommend
research to obtain scientific data in support of more
optimal instructional sequencing. The following major
topics will be discussed sequentially in this report:

Stimulus Sequencing: An Overview
Impact of Sequence Manipulation on Performance
Student Versus Instructor Determined Sequences
Principles of Stimulus Sequencing
Interaction of Individual Difference Variables
with Stimulus Sequencing



Sequencing of SUpplementary Instructional Material
Describing the Information Structure
Recommended Directions for Future Research.

Stimulus Sequencing: An Overview

The major issue which has important economic over-
tonesA.n addition to the design goal of effective
instructional sequences is, "Are all sequences equally
,effective, or are some sequences more performance-
effective than others?"

Instructional materials must be presented in some
sequence, and indeed this is usually one of the first
problems the instructor encounters when he begins to plan
a course of instruction. Most bodies of information
are not clearly and simply organized into a single
sequence. Rather there are interlocking relationships'
such that any particular concept must be considered in
relationship to several others. Yet language permits
the statement of such relationships only one at a time
consequently, some decision must always be made as to
which relationship will be stated first.

The importance of the appropriate sequencing of
instructional materials is generally recognized by
educators and has led' to a considerable amount of
planning effort devoted to, the choice of appropriate
sequencing. In the school curriculum it is necessary
to order the presentation of instruction over grade
levels. Generally such an, ordering is fairly obvious.
Within each grade levei there is again a sequencing for
the'school year and for a given semester.. Sequencing'
problems can-be pursued downward to increasingly finer
levels of detail. A single lecture or classroom session
must in itself be sequenced, and indeed every single
paragraph or sentence must be produced in a sequence,
even though planning effort at this level may not be
observed.'

This report will focus principally upon the sequenc-
ing of relatively small instructional units; units which
might be presented in approximately one class hour. In
this overview section we will explore: (1) the potential
effects of content on sequencing, (2) the effects of
extra-content varit..bles, (3) methods for presenting
sequence's, and (4) methods for measuring the effectiveness
of sequences.



Effects of Content Properties on Sequencing. .Pro-
perties of instrUFEgail content may be expected to
influence the effects of sequencing. For example,
instruction on elementary characteristics of matter
includes the concepts of atom, conductor, electron, and
free electron. Eleotron6 are comporients of atoms and
the two concepts must be treated close together in the
instructional sequence. Conductori are not directly
related to atoms but must be linked by the intervening
concept of free-dlectron, which explains how electrons
can be available to move around and so conduct current.
Such interrelationships seem to impose definite require-
ments on the sequencing.

Thus, sequencing becomes important because of
interrelationships of concepts within an instructional
unit. Such interrelationships presumably influence the
effect of sequencing or influence the sequence chosen by
the careful instructor. In either sense, uvidence to
be reported later in this report indicates that content
interrelationships are major considerations in the study
of sequencing.

The most general content factor influencing the
sequence of instruction is that of independence or
dependence of content. The domain of instructional
materials may be divided into units containing essentially
independent items and units composed of items which are
dependent or interrelated. Materials with independent
content are probably relatively rare in practical
situations, although, they are not uncommonly used in
psychological experiments, as in paired-associate
learning. The use of such materials typically occurs
in the learning of lists of unrelated words or objects.
They may also be used in the learning of associations
between previously unrelated terms such as the names of
states and their associated capitols, or of resistors and
their respective color codes. There seems no strong
reason to expect that sequence effects would be of
substantial importance with material consisting of
independent content because each item can be learned
separately, without reference to other items.

Material composed of independent content, however,
is useful for studying the effects of order of presents-
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tion in isolation from pre-existing content relationships.
Such effects are indeed found. The major effects identi-
fied with such materials may be termed primacy and
recenc . Primacy denotes the observation that material
w c s presented first in an instructional unit is
often the best remembered. Recency denotes the observa-
tion that the most recently presented material is also
among the best remembered. Both of these observations
have some implication for the ordering of instructional
material. For example, one might choose to present the
most important material first, to take advantage of the
primacy effect. The recency effect, which is usually
attributed to a short term memory phenomenon, is probably
less important for determining the sequencing of instruc-
tional material, but may have some substantial bearing
upon such considerations as the timing of tests in
relation to the provision of encapsulated review, or the
immediate linking of a recent concept to a related
higher order concept.

In general, however, unrelated or independent
concepts probably have relatively little bearing upon
the problem of sequencing material. Of substantially
greater importance are materials which have strongly
interrelated concepts, and we turn to these in the
following sections.

Contents with temporal and spatial dependence.
Instruction on how to perform some simple task, such as
cleaning a weapon, often contains an inherent procedural
chain. In other words, there is a predetermined order
(temporal sequence) in which things are to be done.
Such a temporal sequence provides a strongly indicated
ordering for the presentation of instruction. It may
be noted that the ordering is not necessarily from first
step to last; it could also be from last to first. But
there seems little reason to expect any other substantial
deviation from the indicated ordering.

Other content areas may exhibit a spatial dependence.
Teaching the location of objects on a map is a clear
example of such a case. Spatial dependence involves at
least two dimensions (e.g., the north-south and east-
west dimensions) and so is less easily translated into
a single clearly determined order. However, one could



use certain properties of the spatial relations, such
as the proximity of objects to determine a reasonable
order of presentation.

Complex interdependencies of content. Complex
interdependencies between concepts may be identified
both in instruction on skills and in instruction intended
to provide information. Complex skills, such as flying
aircraft, are readily decomposed r=.6" a --number of component
skills each of which may perhaps be taught separately.
Indeed, it is usually possible for very complex skills
to be hierarchically decomposed into sub-skills which can
then be further subdivided into smaller components. With
this type of material the ordering principle which offers
itself most prominently is the prerequisite-criterion
relationship; i.e., some skills are prerequisites to
other skills. The crucial problem in this topic area is
determining what skills are prerequisites of higher order
skills.

In the teabhing of information, interrelationships
can be identified as existing among concepts to be
communicated. A concept, which is usually stated in
the form of a rule, has associated with it a set of
instances or examples of the concept. Both the rule and
its examples must ordinarily be presented. This particular
relationship is associated with two possible principles
of ordering: the inductive principle in which examples
are presented and the rule is subsequently discovered
by induction, and the deductive principle in which the
rule is presented first and is shown by deduction to
include the examples.

Inductive ordering is illustrated as follows:
The smoke from a cigar rises.
If hot air is trapped inside a balloon, the balloon

can be made to rise.
When you open a refrigerator, you can feel a cold

draft coming out of the bottom.
On a still, clear night, cold air collects the

low places and sometimes shows its effect in the formation
of fog.

On a hot sunny day, columns of rising warm air form
cumulus clouds.

9



The name of this principle is convective circulation.

The rule describing the principle is that air warmer
than the surrounding air tends to rise, while air cooler
than the surrounding air tends to sink.

Deductive ordering would present the principle first,
followed by the specifid examples. The examples might be
presented in the form of questions, such as, "Where would
you expect cold air to collect on.a still, clear'night?"
Negative instances might also be presented, for example,
"A helium filled balloon will rise - is this an example of
the principle?"

Concepts themselves may be interrelated, and in
particular they are often arranged in hierarchies such
that concepts are grouped together to constitute a super-
concept or superset. A very well known example of this
type of interrelationship is biological taxonomy: For
example, rabbits and rats are grouped together to consti-
tute rodents. Rodents, canines, and others are grouped
together to constitute mammals, and so on. Such a
hierarchy suggest two major ordering principles that
might be applied; these are commonly termed depth first
versus breadth first, and upward versus downward.

These two sets of principles must be taken together
to determine a particular ordering. For example, a down-
ward ordering would mean that instruction on biological
taxonomy would begin with say, the animal kingdom, And
then treat the most immediate subcategories under that:
molluscs, protazoans, chordates, etc. If we were following
the bteadth first principle, we would treat all of these
subcategories immediately under animal kingdom and
proceed down the hierarchy in that fashion, always
treating all of the concepts at a giveri level before moving
to the next level of subclasses. If we were following
a depth first principle, we would move from animal king-
dom to one of its subclasses, say chordates, and move
then to one of its subclasses, say vertebrates, and so .

on down a single branch of the hierarchy until we had
reached the level of desired detail, we would then
backtrack and proceed down the next branch.

10



Upward presentation would of course reverse this
process, starting with classes at the lowest level of
desired detail and proceeding upward.

Influence of Non-Content Variables Upon Sequencing.
In addition to cont.-at-WE:01es, there are clearly other
variables which must be taken into account in assessing
the effects of sequencing. In general, these are the
same variables that are commonly recognized to influence
instructional manipulations. Major examples of these
are prior instruction and individual differences.

One aspect of prior instruction is the statement of
objectives of, the instruction, that is, what behavior he
is expected to exhibit on a test? Will he, for example,
have to reproduce the material with some specified level
of precision or will he have to utilize the material in
some new content?

Another aspect of prior instructions is the incen-
tive structure provided for the student; what rewards
are available to him, and what are the effective
criteria he must achieve to gain the rewards? Such an
incentive structure, of course, is a major determinant
of the students's motivation and might substantially
attenuate or enhance the effects of sequence.

Another variable which is generally important in
instructional contexts is that of individual differences.
Of particular importance is the strong possibility that
individual differences interact with other variables to
determine the-most successful sequence. For example, a
study by Orton, McKay, and Rainey (1969), suggested that
the inductive order of presentation may be more effective
dIth students of low aptitude, while a deductive order of
presentation might be more effective for high aptitude
students.

Methods of Presenting Sequences. Although an initial
instructional sequence may be fully determined, there are
in fact a number of variation:3 that can ba employed. A
single, fixed sequence may be used for all students.
Alternatively, several fixed sequences may be used which
are matched in some fashion to student characteristics on
the basis of individual differences. At another level of
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flexibility, instructional branching options may be
incorporated within the sequence, utilizing information
developed during the instructional process to determine
the final sequence which occurs. At a still higher level
of flexibility, the instructor may simply provide the
student with some general information about the material
and allow the subject to select the instructional order
on his own.

Measuring Effectiveness: Dependent' Variables. The
determination or-appropriate dependent variables is a
crucial and sometimes neglected aspect of research in
instructional contexts. It is clear that we must start
with criteria determined by the purpose of the instruc-
tion. In other words, we must initially consider what
are the objectives to be attained and must state those
objectives in terms of desired behaviors. In general,
it is not practical to use the criterion behaviors them-
selves for measuring the effectiveness of instruction,
but rather the investigator attempts to identify some
more easily measured indices which will predict the
achievement of the criterion behaviors.

For example, an introductory unit on the use of the
oscilloscope might have an objective, in terms of criterion
behavior, that the student can turn the device on and
make initial adjustments preparing it for use. That
behavior could be tested, but at considerable cost in
time or money. At least one oscilloscope. of appropriate
type would be required, and several would be needed for
speedy completion of the research. An index of the
criterion behavior might be created in the form of
questions:

"How do you turn the oscilloscope on?"
"What'does the focus control do?"

Such questions seem likely to indicate what the
student could do with an oscilloscope, but it is impor-
tant, especially in more complex tasks to consider the
criterion behaviors and the potential relevance of
particular indices which might be used as dependent
variables.

It is often the case that instructional materials

12



have several associated objectives in addition to maptery
of the content. One associated objective is efficiehcy,
in terms of the time required for mastery. Another is
affective response, that is how the student feels about
the instruction he has received as expressed in his
subjective course evaluation or instructor evaluation.

The content criterion may in itself be reflected in
more than one kind of dependent variable. For example,
mastery of the content might be assessed by some form of
reproduction behavior such as supplying the names for
concepts or supplying definitions. On the other hand,
criterion content might be assessed by some sort of
productive behavior which requires the student to make
an inference from the material he has learned or in
another fashion produce something new with it. For
example, a student who has learned the principle of con-
vective air circulation might be asked to reproduce the
principle in his own words, an acceptable answer might
be:

"Warm air tends to rise, cold air tends to sink."

On the other hand, he might be asked to apply his
knowledge to a new case:

"If you had a block of ice and wanted to cool a small
room with it, where would you put it to get the fastest
cooling of the whole room, on the floor or near the
ceiling?"

It is important to recognize that the results of any
study on the effectiveness of teaching materials may be
substantially influenced by the choice of dependent
variables and the emphasis given to indices of the several
criteria mentioned above - content, time, affective
response. Such consequences must be taken into consider-
ation in any assessment of sequence effects in instruction.

Impact of Sequence Manipulations on Performance.

It is generally assumed that sequence does have an
effect on successful instruction, but does it? The
evidence is not quite so clear. While some studies have
indicated a definite effect of sequence, there are in
fact a number of experiments which contradict this con-
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clusion. The purpose of this section is: (1) to review
research bearing on this question, (2) to consider the
possible conflicting results, and (3) to provide conclu-
sions indicated by the whole body of research.

The typical paradigm or model in this section begins
with an experimenter-determined set of items. The
experimenter selects an appropriate ordering for these
items, either on the basis of some a riori principles
or with the assistance of evidence obta ne from subjec-
tive judgments. In either case, the favorable ordering
is treated as one level of the ordering variable, and
its effects are contrasted with those'obtained with a
scrambled order. The exact meaning of "scrambled" may
vary from study to study, but the intent is to produce
an illogical and presumably unsuitable sequence. Thus,
the paradigm would contrast a potentially effective
ordering with what is presumed to be the worst possible
ordering.

The items or units which are used vary from study
to study. In some of the research the basic units are
words. In others they are sentences, frames of programmed
instruction, or whole paragraphs.

The studies are also rather heterogenous with respect
to their choice of dependent variables, having used
comprehension tests, free recall, time to complete the
program, number of errors in the program, and subjective
judgments of affective response. Comprehension tests
consist of questions; the student answers determine the
understanding of the material. Free recall is measured
by asking the student, after he has finished studying,
to repeat as many of the items as he can remembek'; the
number repeated correctly is his score.

Studies Supporting an Effect of Sequence: Applied
Research: By applied studies we mean studies which used
instructional material, or, material which could poten-
tially be used in instruction. The studies collected in
this section have found an effect of sequence on a criterion
test of free recall or comprehension. To be more precise,
all of these studies found that the scrambled ordering
produced poorer performance than did a logical ordering.
We will take up these studies in the order of the size of
units used in the experiments.
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The smallest unit which has been used in these
studies, or for that matter could conceivably be appro-
priate, is the single word. Epstein (1963) and Yuille
and Paivio (1969) conducted experiments on this issue
using, meaningful prose passages. These passages, which
were taken directly from an existing text, were presented
in two orders; the original order as written, and a
scrambled order in which the words were rearranged. The
scrambling, not, surprisingly, was found to have a detri-
mental effect on compreherision.

The next size unit which has been treated is the
sentence. A number of studies have utilized units of
this size. All of these studies began with ocvences of
sentences which were ordered by judgment a priori
principlee. Each study employed a new firder, prodFCed
by scraMbling the original order and c)mpared perfoimance
on some criterion test under the two Jonditions. The
studies used various dependent variiYales, and in gener4A,
demonstrated that the sequence effects can be found with
a variety of different dependent vAriables. Prase (19.69),
Bruning (1970), Sasson (1971), an,, Schultz and DiVesta
(1972) all used measures of free recall as their dependent
variable. Other studies used tf.sts which were intended'
to measure comprehension: KosJr and Natkin (1972),
Darnell (1963), Thompson (19r.1), and Kissler and Lloyd
(1973).

The highest level unit which has been investigated
in these studies is V.e frame as a unit in programmed
instruction. Anderson (1966) compared a rationally
ordered sequence :Jf programmed instruction with a
scrambled order, and found that the rational order was
more accuratriy remembered. Brown (1970) used a similar
paradigm ana found that the scrambled order was: (1)
associafA with more errors on the program, (2) a longer
time Lo complete the program, and (3) a lower score on
+-1.e criterion test. Tobias (1973). also used this para-
digm and found that with novel material a relatively
strong detrimental effect on achievement was produced by
scrambling the material.

Basic research. The principle distinction between
studaiiE this and those preceding is that the
following studies employed artificially constructed
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stimuli, which would not be regarded as potential instruc-
tional material. They do, however, represent an effort
to model some of the critical aspects of instructional
material.

The first area to be taken up, conceptual clustering,
is based on the selection of items with conceptual rela-
tionships among them and contains studies intended to
assess the effect of an ordering based on the principle
that interrelated items should be placed close together.
The second area to be discussed is concept learning; that
is, the learning to identify members of a previously
unfamiliar concept. The studies -of interest have explored
the effectiveness of sequencing according to the principle
of instance contiguity; that is, the notion that several
independent concepts are best learned if each concept is
taken up in order and thoroughly learned before the next
concept is studied.

In the conceptual clustering paradigm, a list of
relatively familiar objects is constructed so that several
classes of objects are present: For example, such a list
might have a vegetable class (lettuce, turnip, and pea)
along with an animal class (horse, cow and pig). Sequences
are formed by placing related items together, or alterna-
tively, a presumably less effective sequence is formed
by scrambling this order.

Schwartz (1973) and Puff (1966) conducted studies
following this paradigm and found that the sequences
produced according to the clustering principle were,
indeed, associated with more correct responses in a free
recall post-test. Two other investigators Newman (1967)
and Whitman (1969) deviated somewhat from this paradigm
in that their stimulus items were nonsense syllables
presumed to have a clustering relationship on the basis
of overlapping letters. moth of these investigators also
found a favorable effect of rational sequences upon
performance in free recall.

Calfee and Peterson (1968) used the paradigm as
originally described (with words representing familiar
concepts), but with a slightly different dependent
variable which they designated probe recall. In probe
recall, the subject is required to recall the word
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immediately following a test word supplied by the experi-
menter. Here again, favorable effects of rational
sequencing were demonstrated.

The same ordering principle that has been used in
the studies above has also been studied in the context
of paired associate learning. Gagne (1950) and Rothberg
and Woolman (1963) both found that the rational sequencing
had a beneficial effect on rate of learning and number
of errors.

In studies of concept learning, the typical para-
digm is as follows. Several independent (unrelated)
concepts are to be learned. Each is taught through the
presentation of multiple instances. In teaching these
concepts, there are essentially two ways to order the
sequence of items presented to the subject. The student
may receive examples of one concept until he has mastered
that concept and-moved on in succession through each
of the concepts one at a time. Alternatively, this order
of presentation may be scrambled so that the student is
working on several concepts at the same time.

This multi-concept versus single concept paradigm
has been used by Kurt,: and Hovland (1956), Newman (1956),
Peterson (1962), and Blaine and Dunham (1971) with essen-
tially the same findings: presenting instances of one
concept at a time until the subject has mastered that
concept leads to more rapid learning than does its multi-
concept presentation.

Studies Not Clearly_ Supporting an Effect of Sequence.
All sEGNEW-aning in this category in the
sense defined previously in the Applied Research Section.
Moreover, most of these studies have dealt with frame
sequences in programmed instruction. Roe, Case, and Roe
(1962) and Levin and Baker (1963) compared a rationally
ordered program - an order judged by them to be instruc-
tionally appropriate - with the same items in scrambled
order. The dependent variables were time to complete the
program, number of errors or performance on a criterion
test. Of the studies using frame sequences from programmed
material, these studies are the only ones which found no
facilitating effect with the rational sequence.
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The remaining studies with programmed materials
failed to find an effect on selected criterion tests,
but did find an effect upon other performance indices.

Niedermeyer, Brown, and Sulzen (1969) and Payne,
Krathwohl, and Gordon (1967) found that the rational
ordering was associated with fewer errors in completing
the program. Gavurin and Donahue (1961) found that the
rational order was associated with fewer trials to cri-
terion.

Two investigators studied the effect of sequencing
paragraphs. Beighley (1954) and Lee (1965) compared
rational ordering of paragraphs with a scrambled ordering
and found no effect on measures which they deemed to be
measures of comprehension. Lee also obtained judgmental
ratings of organization for his two sequences and found
no differences in the ratings.

Conclusions: Effects of. Stimulus Sequences. In
drawing conclusionsnilworth noting that a number of
factors have been identified which might produce an
attenuation of sequence effects. Familiar material is
evidently less likely to produce an effect of sequence
(Tobias 1973), presumably because familiarity insures that
the subject already has a conceptual framework and so is
not substantially handicapped by a lack of order in the
material. Tobias, in fact, showed that a sequence effect
would be demonstrated with novel material but not with
familiar material.

Criterion measures also appeared to influence the
extent to which sequence effects will be observed.
Kissler and Lloyd (1973) used two different criterion
measures and found a strong effect with short answer
items, while they found negligible effects with sentence
completion items. Presumably, the short answer items
were more demanding and more sensitive to the experiments'
manipulations.

As might be expected from the rationale for choosing
sequences, the interrelatedness of items apparently has a
substantial effect on whether a sequence effect will be
found. Kissler and Lloyd (1973) used two levels of the
interrelatedness variable and found that the effects of
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sequence was much attenuated when the items were low in
interrelatedness. The possible attenuating effects of
a lack of interrelationship among items has also been
suggested by Brown (1970) and by Niedermeyer, Brown and
Sulzen (1969).

In addition to the factors which have been identi-
fied experimentally, other factors have been suggested as,
contributing to difficulties in finding sequence effects.
It may be noted that most of the studies which produced
ambiguous or negative results dealt with programmed
instruction. One possibly important characteristic of
programmed instruction is a high level of repetition or
near repetition of items. The redundancy in program
instruction might result in two effects, First, as
suggested by Natkin and Moore (1972) and by Anderson
(1967), the scrambled sequence would result in a distri-
bution of repetitious items throughout the sequence. This
could lead to a consequence similar to that of distributed
practice, which has been shown in other studies to
favor retention (Greeno, 1964; Melton, 1970; Underwood,
1969; Shaughnessy, Zimmerman, and Underwood, 1972). An
alternative possible consequence of the redundancy in
programmed instruction might be that the use of redundant
items in close association may diminish the attention
given to them, while distributing the items throughout
the sequence might favor greater attention. This
possibility was suggested by Roe, Case, and Roe (1962)
and by Anderson (1970). It is noted that these two
explanations are not necessarily, logically independent.

A more general reason for difficulty in finding
sequence effects is that there may be no adequate basis
for producing good sequences (Natkin and Moore, 1972).
It may be that the sequences used were not by any means
optimal and so did not give sequencing an adequate oppor-
tunity to have an effect.

In conclusion, we' observe that negative results are
relatively rare in the set of studies we have reviewed.
In most cases, even those which failed to find an effect
on the criterion test found some favorable effects of
sequence on other dependent variables. Thus, we can
conclude that the overall weight of the evidence favors
the conclusion that sequencing does have an effecton
learning. One important caution should be noted. The
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comparison in each case constituting the unfavorable
sequence was a scrambled order and not some alternative
rational order. Clearly the scrambled order is not one
which would normally be used in presenting material so
that, while scrambled orders are most likely deleterious,
it remains to be demonstrated that some rationally
chosen orders are more effective than others. Until
this question is answered it will not be known whether
sequence effects are of any practical importance.

Subject Versus Experimenter- Determined Sequences.

As noted earlier, it is quite possible for a subject
to determine his own sequence in using instructional
material. Is it possible that the entire problem of
sequence determination can be left to the subject? If
so, it is not necessary for the person preparing the
instructional materials to give substantial consideration
to the sequencing problem. A number of studies have
investigated this question, and the results will be
reviewed in this section.

Applied Studies. The general paradigm for studies
of this sort IT-iirollows. A more or less standard
instructional sequence is imposed upon one group of
subjects, while another group is given substantial
freedom in choosing the sequence of materials. The
particular procedures for choosing the sequence in the
subject-determined condition varies substantially, from
study to study and cannot be given a general character-
ization.

Three studies used programmed instructional materials
in this paradigm and all found effects favoring the
subject-determined sequence. Kapel (1965) used linear
programs in history with ninth grade students. One group
studied the programmed materials in their prescribed
order. The other group was encouraged to search ahead
whenever they felt it would be useful to them. The
experimenter-determined sequence was associated with
better performance on a test given immedidtely after
the students completed the material, but a similar
criterion test administered one month later showed
better retention on the part of the subject-determined
sequence group.
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Silberman, Melaragno, Coulson, and Estavan (1961)
used programmed instructional materials with an automated
presentation system which allowed students to see only
one frame at a time. In this study they employed three
groups. One group, the standard experimenter-determined
group proceeded through the material frame by frame
without an opportunity. .for review. The second group,
termed a back-branching group, was permitted to go back
one frame. at a time for review. A third group was
presented the same material in paragraph form in a way
that permitted the subjects to see all the material at
one time. The presumption was that members of the third
group had the opportunity to determine their own sequences
since all of the material was simultaneously available to
them. Performance on a criterion test indicated that the
third group performed better than the first, but not
significantly better than the w.cond group. While these
results might be interpreted as indicating that the
student determination of sequence facilitated learning,
the results are somewhat confounded by the fact that
the second group, which did not have an opportunity for
subject determinatipn, did .about as well as the third
group. It should be noted that the manipulations used
in this study confounded an opportunity for review with
an opportunity for selection of sequence, and on the
basis of the comparison between the second and third
groups, it may be more reasonable to conclude that, the
opportunity for review was the major contributor to the
superior performance shown by the third group.

Grubb (1969) used programmed instructional materials
covering elementary statistics. The study employed five
conditions ranging from complete experimenter control to
complete learner control. Results on a criterion test
indicated that complete learner control produced the best
performance and, in general, performance decreased as
learner control decreased.

Dean (1969) used instruction..on an elementary arith-
metic task. One group was given a fixed linear task
while the other was given complete freedom to choose
the order in which they studied the materials. He con-
cluded that there was a gain in performance associated
with the learner control condition.
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Mager and Clark (1963) used students in an industrial
training program. One group proceeded through the regular
curriculum in the usual fashion. The other group was given
an explicit statement of training objectives, and students
were encouraged to confer with the various faculty members
and so arrange their program of study to suit their needs.
The s&idents in the latter group were found to require
less training time, and the author concluded that they
were better prepared. Unfortunately this study confounded
the learner control variable with administration of
explicit instructional objectives. Thus, it is impossible
to assess the independent contributions of these two
variables.

An earlier study by Mager (1961) was conducted
primarily to determine whether subjects would in fact
choose the same sequences that are chosen by persons who
prepare instructional materials. Mager allowed six
subjects to generate their own sequences in studying
elementary electronics by asking the instructor questions.
He concluded that the learner-generated sequences bore
little resemblance to those used in teaching introductory
electronics. There was considerable commonality among the
sequences-generated by the subjects,-in that the subjects
preferred to begin with a simple, concrete unit such as
a vacuum tube and proceed upward to more complex units
such as complete radio circuits. Traditional sequences,
however, start with basic theory (such as basic electri-
cal theory-electrons, current flow, static charge, etc.)
before proceeding to concrete units of increasing complexity.

A series of studies by Campbell (1964) compared
groups which used programmed instruction material with
groups which were allowed self-directed study. The self-
directed set of groups were provided with a short basic
text, supplementary examples and explanations, self- testing
questions, and an outline of the lesson. Performance on
a criterion test was not found to be affected by these
alternative learning conditions.

Atkinson (1972), using computer assisted instruction,
compared subject-determined sequences with experimenter-
determined sequences which included branching on the basis
of the student's performance. The results indicated that
the experimenter-determined sequences were more effective
for learning.
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Basic research. All of the studies in this section
can be charaoterized as representing the reception versus
the selection paradigm.in concept learning. In the selec-
tion paradigm subjects are presented with,an instance
array containing all examples of the concept they are to
learn. The subject is permitted to choose the instance
to which he wants to respond.' He then guesses whether it
is an example of the concept or not and is given the
correct feedback. In the reception paradigm, the experi-
menter presents one instance at a time and requires the
subject to respond to that instance before giving him the
correct classification information..

The studies in this section have also characteristi-
cally used a "yoking" procedure to determine the sequence
to be used in the reception paradigm. A subjectin the
selection group is permitted to determine his own order,
and then the same orderlis imposed 'upon a corresponding
subject in the reception group. This "yoked control
design" has been severely criticized by Church (1964).
There are logical and statistical reasons to expect that
the design would produce an artifactual difference in
favor of the student who determines the sequence; these
reasons are fairly complex, but rest upon the fact that
a sequence produced by a student to-fit his own momentary
needs for information may not be well suited for anyone
else. Thus, the sequences used for students In the
reception condition might not be as good as could have
been produced by some other methods by studying the general
pattern of choices in the selection paradigm and devising
a single sequence embodying the common characteristics
of these choices while avoiding idiosyncrasies.

One of these studies, Hunt (1965), found that. the
selection group made fewer errors than did the reception
group. Two other studies, Huttenlocker (1962) and'

.

Murray and Gregg (1969) found that the reception paradigm
was associated with fewer errors. Thus, the results in
this set of studies are guite inconclusive. Given the
biases which might be expected as a result of the yoked
control procedure, the Hunt study might be regarded as
relatively weak evidence in favor of the selection paradigm
and probably the overall conclusion with respect to
these studies tends to favor the reception paradigm.
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Conclusions: Learner VersUe ExperiMenter Control.
This preceding review indicates that several applied
studieS found a favorable effect of learner-selected
sequences. Unfortunately, these studies generally
suffer from methodological defects which confound other
variables with the learner versus experimenter variable.
In particular, several of the studies provided an over-
view to the learner in conjunction with the learner
selection condition. It ir quite possible, and indeed
plausible, that an overview constitutes additional
instruction which would in itself facilitate learning
regardless of whether the subject is permitted to select
his own sequence or not. Indeed, there is evidence that
advanced organizers such as overviews lead to enhanced
retention of instructional material (Ausubel, 1960; Ausubel
and-Fitzgerald, 1962; Scandura and Wells, 1967). Further-
moreptsome of the learner selection conditions offered
greater opportunities for review and for skipping of
items; both of these factors might reasonably be expected
to enhance certain performance criteria.

There are also problems in interpreting the possible
motivational effects which might have. been pxoducecl by
the learner-selected sequence. Such a condition is
relatively novel to most students and might have been
associated with greater attention from the instructor.
It is not uncommon for subjects torespond to what they
perceive as special treatment with higher levels of
motivation. Beyond that, the mere opportunity to select
one's own training sequence may in itself be motivating.,
Thus, learner-determined sequences might in fact improve
performance, but in a way that could be duplicated with
experimenter-determined sequences if appropriate motivat-
ing conditions were added.

Still another problem with these studies is that the
experimenter-determined sequences may not have been
optimal. Indeed if we suppose, as seems quite possible,
that there are individual differences with respect to
the most favorable sequence, then it is highly unlikely
for a single.sequence to be optimal for all subjects.
It may be noted that the study by Atkinson (1972), which
used branching based on the subject's errors, led to
results favoring experimenter-determined sequences. The
procedure used by Atkinson would have partially matched
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the instructional sequence to the needs of the subject
and, thus, might be expected to have produced a better
sequence for that subject than a fixed experimenter -
determined sequence. Since the subject in the learner-
selection paradigm has an opportunity to fit the sequence
to his own needs, it will probably be itportant to
compare that condition, not with a single experimenter-

.determined sequence, but with experimenter-determined
sequences that have been matched carefully to the particular
characteristics of the subject'.

On the other hand, studies which have shown a
favorable effect of experimenter-determined sequences
provide relatively weak evidence with respect to practical
application. There is some indication from the studies in
concept learning that the reception paradigm.is more
effective, but the applicability of the conclusions to
real learning situations is subject to challenge since the
material in concept learning studies is quite artificial.

In summary, we are obliged to conclude that relatively
little is known about the effects of learner-determined
sequences on learning in practical situations,,, _ .

Recommended Research. Where dome go from here?
The first question, of course, is what kind of research
needs to be conducted to provide clearer evidence on the
effects of the discussed factors than that described
previously. Clearly, research in this area must take
into account the following problems identified in the
previous section:

Care must be taken in designing experiments to avoid
confounding other variables with the selection variable.

Appropriate procedures must be utilized to control
motivation.

If there are individual differences in the optimal
sequence for learning,then certainly sequences will have
to be matched to the individual subjects.

More generally, of course, the fitting of optimal
sequences to individual subjects will require that we
have procedures for determining optimal sequences.

25



There are a number of potential interactions with
other variables which also must be taken into account in
studies in this area For example, one might reasonably
expect that familiarity with the material would'interact
with the effectiveness of subject-selected sequences.
With moderately familiar material, the subject might be
substantially more effective in selecting his sequence
than with totally unfamiliar material. Furthermore, there
may well be individual differences in sequencing skills.
Thus, some subjects, perhaps those who are generally the
most successful learners, may be quite able to sequence
material for themselves, while those with less satisfac-
tory scholastic backgrounds and less favorable learning
experiences may require more guidance in sequencing their
instructional materials.

In any case, it is unlikely that practical applica-
tions will see pure cases of either learner-determined
sequences or instruntor-determined sequences. Except with
.computer-assisted instruction and with lectures, the
student normally has substantial opportunity to determine
his own sequence regardless of the ordering of the text
material. Given a book, manual, or programmed instruction
unit he is usually at liberty to skip, around as.he pleases.
Thus, the learner-determined sequencing is perhaps only d
matter of degree. Given more encouragement and the
assistance of an overview, the subject may do. more sequenc-
ing on his own. But most learning circumstances allow him
to do as much as he pleases anyway.

Conversely, there is no way to present instructional
material except in some sequence. The instructor must
determine the sequence in which the items appear in his
text, even if he does not expect the subject to make full
use of that sequence. It is most unlikely that instructors
would take the view that any sequence of items is as good
as any other, since the sequences provided by the instruc-
tor are likely to act as guidelines even when substantial
learner selection is taking place.

'Principles of Stimulus Sequencing.

The research reviewed to this point that there is
good reason to expect stimulus sequencing to play an
important role in the preparation of instructional
materials. It is now time to review in an organized
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fashion the several principles of stimulus sequencing
which have thus far been proposed and subjected to signi-
ficant amounts of research. It is possible to organize
these principles under five major headings:

Inductive Versus Deductive Sequencing

Sequencing of Hierarchical Material

Conceptual Clustering

Sequence Organization Baied on Concept Name Versus
Attribute

Content Independent Sequencing Principles

Under each of these headings we will discuss the
empirical findings and then present our evaluations and
conclusions.

Inductive Versus Deductive Sequencing. The two
principles to be treated in this section apply to material
in which a general rule is to be learned, presumably along
with its applications to specific - instances. The presence
of a rule and specific instances readily suggests two
possible sequencing principles. One, inductive, calls for
presentation of specific examples of the rule, offering
an opportunity for the student to formulate or induce
the general rule on the basis of his experience with the
examples. The alternative principle, deductive, is
exactly the reverse, calling for the pi&WITTEron of the
general rule first, followed by occasions which require
the student to apply the rule. These principles have
been studied not only under the names given above, but
also under the names - "discovery learning for inductive
sequencing and guided learning for deductive sequencing.

Empirical findings. The results of empirical research
in this area are mixed and appear to be somewhat dependent
upon the paradigm and upon the dependent variable and the
time of its administration. Several studies have reported
that inductive is better than deductive sequencing. Kersh
(1958) used mathematical problems. These were presented
to two groups of subjects. One group was given the prob-
lems without assistance and asked to solve them. The
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other group was given a general rule which would aid in
'the solution of the probleMs and then given the same
problems to solVe. The students were tested on ,a twenty
item achievement test immediately after the training
session and on a similar test four weeks later. The
results indidated that higher; performance on the achieve-
ment test given immediately after the training was
associated with'the deductive (rule given) procedure.
But on a similar achievement test given four weeks later,
higher performance was associated' with the inductive
procedure.

Ray (1961) undertook to teach the use of micrometer
calipers. A deductive group listened to a lecture in
which the rules for a caliper use were given and applica-
tions were then illustrated. An inductive group was
principally instructed by the use of leading questions
to the group by the instructor. On the basis of perfor-
mance on a test given one, hundred minutes after completion
of the instruction, the author concluded that learning
was more effective in the inductive group.

.66

Talimadge and Shearer (1969) gave instruction on
operations research procedures for finding the minimum
cost solution for transportation problems, An inductive
group was instructed by a presentation which was "designed
teeproduce an understanding of the concepts and principles
as well as the problem solving procedures." A second
group received instruction which was "deductive, didactic,
and rote." A test immediately followed the training
session showed superior performance associated with the
inductive sequencing. It may be noted that these proce-
dures appear to have confounded another instructional
variable, meaningful versus rote learning, with the
variable principally under study. It is generally recog-,
nized that meaningful learning is more effective, and the
results must be interpreted in this light.

Hatlerud and Meyers (1958) used a-within subjeCts,
design, presenting both types of training to the same
subjects, so as better to control for individual differ-
ences. The requiied subjects to learn an artificial
task, the translation of sentences intocodes., For half
of the problems, the coding principle was given, and the
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subject was required to apply it. These problems
constituted the deductive condition. For the other half
of the problems, a set of exampleS was given for each
problem. The subject was required to study the examples
and then to translate a new sentence according to the
rule illustrated by the examples. A test of ability to
apply the rules was given immediately after training ;'
the deductive sequencing was found to produce better,
performance. But on a similar test given one week
later, superior performance was associated with the

. inductive sequencing.

Three studies have produced results interpreted as
indicating that deductive sequencing is better than
inductive sequencing. Craig (1953) and Craig (1956)
required Air Force personnel, in the first case, and
college students in the second case, to utilize seMantic
concepts. The basic task required the sOject to solve
a problem by identifying one word in a set of five
which did not conform to the concept rule. The deductive
group was given the concept rule applying to each set of
words before he was required to solve that problem. The
memberi of the inThc ive group` were simply required to
solve the problem without guidance. The author concluded
that the deductive group obtained accurate solutions to
more of the problems and were better able to verbalize
the rules. These results are scarcely remarkable. The
rules were given to the deductive group but not the
inductive group; therefore, it is only to be expeced
that the deductive group be better able to verbalize
the rules. Moreover, the deductive group was clearly
given more instruction than the inductive group, so that
they differed not merely in sequence, but in amount of
instruction.

Belcastro (1966) used programmed instruction covering
elementary algebra. The programmed material included
frames presenting the rule and frames constituting examples
of the rules. In the deductive condition, the rule was
given first followed by the examples, and in the-inductive
condition, this sequence was reversed. He used a criter-
ion test subdivided into three components: a verbal test,
a non-verbal test, and an applications test requiring the
student to use the training to solve problems. On the
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overall score,. the-sum of all three tests, superior
.performance was, associated with the deductive training;
method. On the applications test:, however, the two
training methods were associated with.equal.leVels of
.Performance.

Three other studiei used programmed instruction
materials and-produced inductive and deductive conditions
in a manner similar to Belcastro.(196). Krumboltz and.
Yarboff (1965) used materials on elementary statistics
and found no difference between the two groups on a
criterion test administered two weeks later. The deductive
group, however, reported that they were more satisfied
with the text. Korah (1971) replicated the Krumboltz *-

and Yarboff study and also found no differences between
the two instructional methods on the criterion test.
Wolf (1963) used mathematical' programmed instructional
materials and also found no effects associated with the
sequencing variable.

Two other studies, not using programmed material,
indicated no 'differential effects of sequencing. Forgus
and Schwartz (1951) required college students to learn
an artificial alphabet. In the deductive group the
students were given the principle for generating the
alphabet, and in the inductive group they were given
examples and required to discover the relevant, principle.
In a recall and transfer test giveh one week later, no
differences were found between the two groups. Sobel

f (1956) studied the effects of training in a four week
unit of algebra. Ordinary classroom instruction was used
except that for' the deductive group the teachers were
instructed to teach in a fashion consistent with deduc.....
tive principles, and for the inductive,group the teachers
were asked to teach,in a fashion 'consistent with inductive
principles. The two training methods were found to be
equally effective on a multiple choice achievement test.

Conclusions: Inductive versus deductive sequencing.
Upon initial consideration, tETTeiults seem to weigh
slightly in favor of inductive sequencing. ,There are,
however, several qualifications which ,should be appended.
The major qualification is that inductive sequencing,
as used in several of the above studies, may have resulted
in higher levels of motivation. The inductive task was
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sometimes presented as a puzzle which may have been rather
intriguinglin nature, with the result that it might have
illicited reat attention (Koran, 1971), 'Krumboltz and
Yarboff, 1965). Some of the studies may also have con-
founded the'amount of activity required of the subjects
with the inductive sequencing condition. For instance
the inductive sequencing condition may have also been.
associated with longer study time. Both of these problems
and possibly the motivation problem, would be substantially
diminished in the context of programmed instruction.
It may be noted that those studies'which utilize programmed
instruction did not find any differential effect associated,
with the alternative types of sequencing,

Another qualification which must 4e applied in evaluat-
ing these studies is the issue of individual differences.
There is reason to expect that there may be important
individual differences in responsiveness to inluctive or
to deductive sequencing such that neither may Elb clearly
more effective across a population, but one or the other
may be more effective for a given student. This issue
will be treated .more extensively in a later sectien on
individual difference variables.

Finally, there remains the question of whether current
studies have an adequate method available for finding
optimal sequences, It is by no means clear that the two
extremes, which have been used in the above studies,
constitute the entire set of reasonable alternatives.
The general principle being investigated by the studies
in this section may be viewed as one specifying the point
in an instructional sequence at which, the rule is given.
Obviously, the rule may be given not only at the start or
at the end, but also at some point in the middle. It is
quite possible that there is an appropriate point in the
instructional sequence for providing the rule, and this
point may be associated with the individual learner and
his readiness to utilize the rule..

Sequencing of Hierarchical Material. There are at
least two ways in which material may come to be regarded
as hierarchical. As noted previously, there are certain
kinds of material which are in themselves conceptual
hierarchies. An excellent example is the biological

<. taxonomy, ranging downward from the animal kingdom through
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chbrdates and molluscs to increasing specific leveli of
classification. This structure may be regarded as'a'set
of concepts organized in terms of subsets and supersets..

A second way in which material may be regarded as
hierarchically organized results from an analysis of a
criterion skill into component subskills which are them-
selves decomposed into still finer components. The lower
levels of the hierarohy are prerequisites to mastery of
the criterion, and this kind of relationship is typically
called the prerequisite-criterion relationship. While
there is no strong' reason to expect that the same psycho-
logical conclusions will apply to both of these hierarchical
organizations, they are susceptible to some of the same
sequencing principles, and for that reason they are included
together in this section.

The major ordering principles which apply to hier-
archical structures are: breadth versus 'depth and downward
versus upward. In a breadth first presentat on, al
material at a given level of the.hierarchy is presented
at one time before proceeding to the next level. This
sequencing may be likened to the presentation of a map
representing a whole country and describing each ofits
provinces before describing any of its cities and towns.
In a depth first presentation, all material on
par"--1-- branch of the hierarchy is at
time before turning to another branch.

presented
This approach

one

is comparable to a presentation which starts with .a
whole country, proceeds immediately to a single province,
and from there to a single city, and from there to
neighborhoods. In the downward sequencing, the highest
level of the hierarchy is presented first and in upward'
sequencing the converse is true. The illustrations
just given were sequenced downwards. 'Upward sequencing -

would start with neighborhoods.

Empirical' findings: HieratchidaI Sequencing. We'

will first take up findings which -bear upon sequencing in
the context of superset-subset conceptual structures.
Lee (1965) contrasted the effects of two lectures, one
designed to emphasize the hierarchical structure 'of the
material, the other designed to avoid that emphasis.
The results demonstrated that the hierarchical emphasis
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led to better performance on tests of utilization and
retention.

Focusing on the specific question of breadth-first
versus depth-first presentation, Crothers (1969) used an
artificial hierarchical structure and found that recogni-
'tion learning was faster when the presentation order
conformed to breadth-first presentation as contrasted
with depth-first. Short and Haughey (1967) used a
language arts program and lessons on science. They
contrasted methods of presentation designed to emphasize
breadth-first or depth7first presentation and found on
a retention test given one week later that superior
performance was associated with breadth-first presentation.

On the question of upward sequencing versus downward
sequencing, Newton and Hickey (1965) used two methods of
teaching about the concept of gross national product.
One sequence started with that concept and worked downward
through concepts, such as investment, consumption, govern-
ment spending, and so forth. The other sequence started
with these lower level concepts and worked upward. The
downward sequencing method produced more rapid learning.

With regard to prerequisite-criterion hierarchies,
three studies (Scandura, 1966; Scandura, 1969; and Lee,
1967) have shown that in concept learning or problem'
solving tasks, training on the prerequisites was
associated with superior criterion performance.

Gagne has proposed that learning intellectual skills
is dependent upon prior learning of prerequisite tasks
and that training in prerequisites should be more effective
than repeated practice of the criterion skills. Fiel
(1972) investigated the second part of this proposition
in a study using materials dealing with the construction and
interpretation of graphs. There were three instruction
units and after each unit each subject took a diagnostic
test followed by remediation instruction if indicated.
Two groups were treated differently with regard to the'
remediation method. Subjects in one group received
additional instruction on the unit just completed; those
in the other group received remedial training on the
earlier units. A criterion test at the completion of
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the three units indicated that superior performance was
associated with remedial instruction on prerequisite
tasks. Thus the results supported Gagne's proposal.

A study by Merrill (1964) used artificial instructional
material on an imaginary science presented in a computer-
assisted instruction format. He used procedures which
res4lted in different amounts of prerequisite remediation
as the result of errors made by the subjects. His findings
were that first, and inevitably, those subjects who
received more remediation training took more time on the
unit.' Second, and more importantly, he found that their
performance on a criterion test was no better than other
groups which received substantially less or no remediation
training.

Conclusions: Hierarchical sequencing principles.
The'eVneTiCe17this topic area is quite skimpy. With
regard to conceptual hierarchies, the little evidence
available tends to favor breadth-first presentation
and downward sequencing. This evidence is essentially
unequivocal, but it is difficult to determine whether the
lack of conflicting evidence results from the strength
and simplicity of the effects of the variables or from
the paucity of studies on the topic.

With regard to the question of training on prerequi-
sites a comment is first in order. A prerequisite is by
definition something which must be learned first. Thus,
to some extent studies supporting the effectiveness of
this variable really tend merely to the conclusion that
skills constituting prerequisites can be identified and
shown to be affective. As to whether it is most useful
in remediation to give additional training on prerequisites
or not, the issue is completely in doubt since the two
studies bearing on this topic,give conflicting results.
Additional studies with conceptual hierarchies are needed
to test the generality of evidence favoring breadth-first
presentation and downward sequencing; if this sequencing
principle is effective, it could be applied,to advantages
in many instructional contexts. Further res3arch on the
effectiveness of training on prerequisites may not be
needed; more important is research on methods for identi-
fying prerequisites in some systematic and efficient way.
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Conceptual Clustering and Related Effects. The
studies in this area are prriiiIrriiniTriIgiiiirch. Three
topics will be taken up under this heading: (1) conceptual
clustering, (2) concept learning, (3) massed versus dis-
tributed practice.

The major topic of conceptual clustering is associated,
with the following paradigm: A list of words representing
several familiar classes is presented to the subject, and
he is subsequently required to recall them in any order he
pleases. The order in which the words are presented may
be such that members of the same class are located conti-
guously in the sequence (clustered) or such that all the
classes are intermixed. The other two, paradigms are
closely related and will be described as they are taken
up in the discussion of empirical findings.

Empirical findings: Conceptual clustering. The
results o research on conceptual clustering have, generally
shown that more items are recalled when items, representing
each separate concept, are clustered together in the pre-
sentation list. In a free recall task, this clustering
effect has been demonstrated by Schwartz (1973), Puff
(1966), Newman (1967), and Whitman (1969). Using a
slightly different task, probe recall, Calfee and Peterson
(1968) demonstrated the clustering effect. Applying the
sane principles to paired associate learning, Gagne
(1950) and Rotberg and Woolman (1963) also demonstrated
the clustering effect.

Effects somewhat similar to the above have been
shown in basic research on concept learning. In the
traditional concept learning paradigm a subject is
presented with stimuli which could be instances of the
concept. In fact, some are concept instances and some
are not. The subject's task is to classify each stimulus.
Following his response, the subject is given information
as to their correct classification. If more than one
concept is to be learned, a sequence of instances can
be arranged to cluster all of the items constituting
practice on one concept together or to, intermix the items
such that several ,...;oncepts are being learned at the same
time. It should be noted in this context, that the
concepts to be learned are typically constructed so as
to be entirely unrelated to' each other, in contrast to
some of the research cited earlier in which hierarchical
structures interrelated the concepts..
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The general finding:area:With comparing the

effeot of clustered versus intermi)ied:COndePt-itettii-ig
theit.cludtering'of items on 004 ConCeptleadfil to:Jitore

rapid learning -, that. toldker trials::to-o:oriterion'
cifHmastery. Studies sUpportifig this conclus041 are:

14Irtt'And-40vlandA1966h-New#0.-(1956)PetersonA1962),
And-Plaine .an&Danham -(1971) .

The third area 'of research ;is included, here because
tt may set limits on the 'findings noted.above. One might

reason that since it'is apparently useful, to put,,several

items bearing on the same concept close together iii ihe

training sequence, it might. also be useful to put:repeated
items Close together.. indeed,:that reasoning would seem
to be the logical extension of the. abOve findings.

-Apparently',- that would be an incorrect Conclusion.
Popiated items are'found to be more-effectivein promoting
learnihg if they are distributed thrOugh tbe.iequenCe
rather than grouped together.. The-following stUdies haVe .

supported this conclugion using a free recall-tasks.'
Shaughnassy, Zimmerman,,and'Underwood 11972), Melton"'

(1970), and Underwood (1969). Green° (1964) haq
demonstrated the superiority, of the distributing repeated

item in a paired associate learning task, and 'Rothkopf

and Coke (1963) have shOwn that the effect is'aleo
found with the recall of sentences..

ConClusiOns: Clustering and related effects. The

reSUlts under this topic are riritINt!WunaMbiguous.mid,
tend to indicate that-instr4ctional material' bearing on
the, same concept should be grouped tOgether. *veto

items are explicitly repeated, such items should not
grouped tOgether but-diStribute4 theoughOut the,segVenbe.
There remains two Presently identifiable-laSues that need
to be resolVed. Firsti are theie effects, which are``:

fairly well demonstrated in basic research, also to be'
found in applied,reeearCh_using'actual instructional
oaterials?..secOnds.at What OPint ddes the princi140,
)211LOOncepti'together,:yield to 'the prinCiPle,:didtribute
146nddal items, '10116 qUeStiOn- Constitutes:4n'

identical TO the Offe4 :f4ii,014-01Y whari'iteme are

Ohrase4 tdenticallifor:la it_positible.that differently.
phrased, items intended''to teach the aame-ddndept.also be

separated in the:Sequence?



Sequence' Organization: '.Conte t Name Versus' Attribute.

In many practical .instructions contexts IrriTossIbte to
identify particular informational structures which relate
concepts to their associated attributed. To 'describe
these structures, it will be convenient to start with an
example. Consider, for-example', military vehicled. Each
vehicle tYPe,constituted a concept and associated` with
.each vehicle type is a set of characteristics or attri7'
butes ,(Color, shapsi size, presence of,weaponsvetb.).'
If. .someone is required to.-became familiar with militarY
vehicles, he is -likely to have to know bOth the ,.names
the vehicle .classes, ; -the .concepts," and their associate, d

attributes. Thore are two. identifiable structures. fok
this ,kihd of information, and each structure might b!lt
,suitable for a different purpose. A-pliotointerpreter.WhO'
is required to identify types of military:vehiclegi ft014J.,
the attributes available 'in a photograph might, provided'.
with an identification key (a Usti of attributes and' thtiir,

values for various vehicle types) which. allows 'him to .

start with the attributes and use .the ..combination of
attributes he has found' to select a particular vehicle.
Thus, his information is best organized by focuding_Upon
the attributes.-

On the other, hand, a Person who must make. higher

level use of photointerpretation receives the information
that a particular vehicle has been identified and needs
to know the particular characteristics of that vehicle..
Thus, his information would be best structured by listing
each vehicle separately with its associated characteristics
or attributes. This second structure Places priParY
emphasis on the concepts. In this particular. context
both sources of information might actually Ps manuals
available for reference, but in many other cases the
information has to be learned. We may reasonably ask
how this material should be ordered in presentation.
It could be ordered by presenting each concept and its
associated attributes, or it could be ordered by taking
one attribute at a time and describing all of the.concepts
in terms of that attribute.

Empirical' finditigs t Concept name' versus :aptribute.
The relatively few studies on this topic have used-,
meaningful verbal material. Prase '(1969a) and. Schultz
and DiVesta (1972) presented petssages in which ,statements



were organized by concept name or by attribute.
following example is taken from Prase:

The pawn is worth one point..

The bishop is worth three points.

The pawn moves,in a forward direction.

The bishop moves in 'a diagonal direction.

The above sentences are organized by attribute; that
is, the first two sentences give information about the
value, and the last two give information about allowable

moves. In order to organize the sequence according to
concepts, the two statements about the pawn would have,
been placed together, as would the two statementsabout
the bishop.

It may be noted that the Prase study used eight
attributes and six'names. The Schultz and DiVesta'
study used six attributes arid six names. Thus in 'both

of these studies, the number of attributes was approxi-
mately the same as the number of concept names.

The studies found no difference in free recall
resulting from the alternative sequences. They did,

however, find eyidence which they interpreted as indicat-

ing that subjec; more readily clustered the information
by name rather than by attribute.

Friedman and Greitzer (1972) conducted .a study
which was similar in most respects, but differed in that
there were only three attributes,and sic names., -They

found better recall and a higher degree of clustering
for Passages which were organized according to attributes.

Conclusions: Conce theme Versus' Attribute. 'The

research on this topic is not sufficient to permit any
substantial conclusions. The fiAding of better recall
for attribute organization by Friedman and Greitzer
contrasts with the other two studies. One'difference
in the design of these studies may have contributed to

the conflicting results. Friedman and,Greitzer used a
relatively small number of attributes, as compared to
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the number of concept names, while the other two studies
used about the same number of attributes as names. ThuS,
it is possible that favorable sequencinOlight depend not
on whether attributes or concepts are used as the basis,
bUt rather on a choice of. the structure which gives the
:smallest nuMber.of superordinate units.

Furthermore, these studies all used free recall to
assess learning. "As_suggested,in the introductory
illustration, there might be different purposes for
instruction in this kind of material. ',TheWay in W11,1,01
the information is to be used might be Substantial:
importance in deterMining.the'.most effectivesequence.
Thus, if the task'required.calls for identifyingconcepts
on the basis.of knoWn attributesl.the attribute:cr.4aM,!-
zation might be more satisfactory, while the converse
might be true for tasks requiring an enumeration Of:t4P
attributes given that the object is known.
studies which inquire intothe4ffectiveness.Of.thW
kind of organization should Use'clependent variables
which are selected to reflect different task requireMente.

Content Independent Sequencing Principles. All of
the preceding ordering principles, have been dependent
upon knowing the content off the material to be sequenced.'
It is certainly to be expected:that content would play
a major role in determining the sequence. There are,
however, a few ordering principles of sufficient generality
that they can be considered ihdependently'of the content
to which they are applied. We have identified-three of
these which we will take up in this section; (1) the
serial position effect, (2) primacy and recency effects,
and (3) sequencing based on the difficulty of the '

aeqUenced items.

Serial position effect. The serial position effect,
a well-established and long-studied psychological
phenomenon, is defined'in terms of the following para-
digm: The subject is presented a list of items, generally
Unrelated words, which he is subsequently asked to'recall.
Not uncommonly, the list is presented several times with
some measures of recall during or following each presenta-
tion. The particular method of measuring recall may vary.
The typical finding from this paradigm is that the items
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presented earliest in the list are best recalled. Recall

1.00.00 relatively goOd for items presented at the end of

the list. However,'-recall is.distindtly inferior for`

those items loCated in the middle of the
tUperior reCall.for iteMs:at the. beginning of thelist
is commonly called a prithaay effect, while the relatively,
good performance at the end of the list is called

.recency effect. These terms, however, have greater:

generality and will be applied also in the next section..

Most of the researchon the serial position effect,
has been Conducted with unrelated words. HoWeVer, a few.

studies have used prose text with loosely related sentenceS

as items. Deese and KaUfman (1957) found:both comp6nentS
of the:serial position effect with such haterial.rase
(1969b) used the same type of material and found

primacy effect. Rothkopf (1962) again'used essentially
the same material as did Deese and Kaufman, but foUnd no''.

.evidence of either a primaCy,or a recency effect, He

used a different dependent variable, however, essentially
a fill in the blanks task, while the other two studies
used free recall. It appears that the negative findings
Of this'study may have resulted from the choice of
dependent variable and may suggest that serial position.
effects with text material are more likely to be found

when the test calls for behavior analogous to free recall.

I

Associated with the serial position effect is another

well established phenomenon termed the "Von Restorf" effect;

or.more recently, the "isolation" effect. The paradigm

for producing this phenomenon is exactly the same as
described above except that an item in 'the middle of the

list is treated in a way which sets it off from the other

items. It may be printed in a different color, printed
in italics, underlined or in virtually Any other way made

distinctive. The consequence is that this item is

recalled far better than would be indicated by the
standard serial position effect. With unrelated items,
this isolation effect has usually been associated with
a decrement in the recall of items proximal to the
isolated item, thus suggesting that there might be no

overall gain in recall. With related statements, however,
-Cashen and Leicht (1970) found that the isolation effect

was. assoicated with improved recall of neighboring items

as well as the isolated item, suggesting that an overall

gain in recall had been achieved.
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From the above studies, several conclusions are
fairly obvious and apparently consistent with common
practice in preparation of text materials. First,
the most important material should be presented at the
beginning of an instructional segment. Second, it may
be useful to place secondarily important material at the,
end of the presentation. This observation, however,
must be qualified: the recency effect may be a short
term memory phenomenon which would not appear with
material to be remembered over a long period of time.
Third, it is probably useful to employ isolation effects;
that is, to apply distinctive cues such as italics or
underlining, to facilitate recall of important items which
must be located in the middle of the presentation.

Primacy and recency effects in persuasive communica-
tion and subjective probability revision. In studies of
persuasive communication, subjects are presented with
text material which might be expected to alter their
attitudes or expectancies. Pretest and p9sttest attitude
scales are administered to the subjects t6 determine the
degree of attitude change with respect to particular
items in the communication. Studies of subjective proba
bility revision present the subject with a sequence of
events which he is to use as evidence for updating his
subjective probability about the way the events are gen-
erated.

While these two paradigms may be somewhat different,
they both appear to apply substantially to the question of
ordering effects in the change of subjective expectancies.
Studies in this area have focused particularly on the
relative effectiveness of primacy versus recency in the
sequence of material. Generally, when immediate recall
tasks are not required in these paradigms, a primacy
effect is observed (Anderson and Barios, 1961; Luchins,
1957a, 1957b; Peterson and DuCharme, 1967). However,
requirement of recall apparently enhances the possibility
of recency effects (Schultz, 1963).

These studies,' to, the 'extent that instructional
materials might be regaiWiraiEMETPersuasive 'effects
or an altering subjective' prWabilities, lead to essen-
nally the same conclusions as were found with the serial
position effects. That is, the most important material
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should, be presented first and the next most important
material should. be presented last.

Sequencin. Item 'difficulty. It is generally
accepted in the preparation of .instructional material
that a preferable ordering is to begin with the easy
items and proceed to the more 'difficult. When viewed
from the perspective of paychological research, this
PrinCiple poses something of a probleMin that the
definition of easy and difficult are somewhat unclear.
In common sense terms, items are difficult for a group
when relatively few people in the group. get the items
correct, or a subset of items 1.8 difficult for a subject
when his percentage of correct responses is low. 'In .

neither Case is' difficulty solely a property Of the' item.
Rather, ifrs a property of t the tem as presenterVo
subjects,'

Thus, item difficulty depends to some extent on the
background that the subjects have when they, encounter the
items. In different circumstances, the term ear, may
mean different things. In some cases, it may simply be
that items are easy because they are familiar.. In other
cases, they may be easy because they are prerequisites to
a criterion which would be extremely difficult if under-
taken before acquisition of skills on the prerequisites.
In still other circumstances, items may be easy for the
objective reason that they require fewer steps to Etolution.
In addition to these alternative definitions of easy,
there are alternative interpretations as to why an
ordering from easy to difficult might be effective._ One
interpretation is that learning acquired with easy material
may be effectively transferred to more difficult items..
Another equally plausible interpretation is that easy
items lead to more frequent successes and thus provide
more positive reinforcements leading to more favdrable
motivation conditions.

in general both applied and basic research tend to
the conclusion already assumed in practice, namely that
sequencing from easy to difficult is more appropriate
(Boutwell, 1971; Hivley, 1962; Moore and Goldiamond,
1964; Terrace, 1963). However, further research is
needed to delimit the locus of this effect and to thus
provide.a basis for greater enhancement.
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Interaction of Individual Difference Variables with
Stimulus Sequencing.

In a recent review of the literature, Cronbach and
Snow (1969) suggest that a given individual learns more
easily from one method of instruction than from another.
They also suggest that the best method differs from
student to student, and that such differences are related
to the characteristics of the student. Consequently,
optimal instructional conditions may require that the
method of instruction, and in particular, the sequence
of presentation be fitted to the needs of different types
of students. In terms of experimentation, this require-
ment calls for a search for aptitude by treatment inter-
actions.

There are two general methods one could use to fit
the sequencing of materials to the needs of different
types of students. First, one could search for student
characteristics which could be assessed in advance, and
which could be shown to indicate a particular sequencing
principle as being most favorable for students possessing
that characteristic. In the absence of such a priori
measurable characteristics, one could measurethe behavior
occurring during the instructional activities and use such
behavior as a basis for determining subsequent sequencing
principles. Thus the student's performance on abstract
items; for example, might be used to determine whether
he can handle abstract concepts easily or whether he
needs concrete examples to supplement instruction on
abstract topics. Using the behavior in the learning
task to determine the instructional sequence rests upon
the assumption that behavior in the instructional unit
is the most relevant source of information about the
:students' needs and strengths in connection with that
twit.

In this section, two'major topics deal with attempts
to link a priori subject variables to subject differences
in response to alternative sequencing principles. The
first assess the effect of individual differences in
interaction with logical versus scrambled sequences. The
second assess the effect of individual differences in
interaction with inductive and deductive principles of
sequencing. A third major topic in this section deals
with the adaptive modification of sequences on the basis
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of the subject's response during training as this is:
achieved by branching versus fixed sequences in programmed
instruction.

Individual Differences: Logical' ve'r'sus' "Scrambled
Sequences. Two studies have indicated that the greater
a student's aptitude, as indexed by IQ measures, the
less seriously is his performance affected by scrambled
sequences of presentation (Tobias, 1973; Wodtke,.Brown,
Sands, and Fredericks, 1967),. The results, such as they
are, may be interpreted as indicating that sequencing is
probably more important for optimal performance with
students of lower scholastic aptitude.

Individual Differences: Inductive versue)Deductive
Sequences. TWO studies seem to suggest tat some subjects
would be better trained with inductive sequenCes, while
other subjects might be more, effectively trained with
deductive sequences. A study by Orton, McKay and Rainey
(1964) led them to conclude that if a learner is of low.
aptitude, he is more likely to profit from an inductive
order of presentation, while if he is' of high aptitude,
he is more likely to profit from a deductive order of
presentation.

A study by King, Roberts and Kropp (1969) constituted
an effort to identify and validate a priori measures of
inductive and deductive aptitude. Several potential
measures of aptitude were used. One measure of inductive
aptitude was the word grouping sub-test ftom the Primary
Mental Abilities test, grade level four to six (Thurstone
and Thurston, 1962). The inference test from the
California Test of Mental Maturity, level two (Sullivan,
Clark and Tregs, 199) Was/selected as a measure of
deductive aptitude. Results indicated a modest correlation
(0.37) between the test of inductive aptitude and perfor-
mance on inductive sequences. Similarly, a modest corre-
lation (0.37) between the deductive aptitude test and
performance on deductive sequences was reported. Neither
of the measures was correlated with performance on
the opposite kind of sequence. Thus, there was some
indication that these measures were marginally valid for
predicting performance in their respective tasks.

Several other studies have produced equivocal results
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in relating individual differences to inductive and
deduotive sequences; Tallmadge and. Shearer (1969), Koran
(1971), Koran (1972). Krumboltz and Yarboff (1965). In
view of these equivocal results and the relatively weak
evidence provided by the two studies oited above, it is
clear that no conclusions should be drawn regarding this
topic. There is little to be said except that substantially
more research is required.

Branching versus Fixed Sequences in Programmed
Instruction. If it is"difficult to esFibiish a priori
individual differences which can be 'used to predetermine
the appropriate sequence for individuals, perhaps it is
possible to use information developed during the instruc-
tional process to choose among alternative sequences and
so adapt the sequences to the student'S need on a real
time basis. In principle, the use of branching techniques
could allow such an adjustment. For example, if there
really are individual differences in the ability to use
induotive and deductive sequencing, a computer supervised
instructional program might begin with say, a deductive
principle and on the basis of the subjects' succesd,
either continue with such !a principle in further instrua"
tion or shift to an inductive sequencing. The objeCtives
of branching used in actual research, however, have been
somewhat more pedestrian.

Branching has been used principally to provide
remedial instruction on the basis of evidence that the
student is failing relevant test items, or to bypass an
instructional unit on the basis of evidence on a pretest
that the subject does not need instruction on this
material. Early studies of this topic generally fail
to show a differential effect associated with branching;
Silberman, Melaragno, Coulson, and Estavan (1961),
Coulson and Silberman (1961), Roe (1962), and Campbell
(1963).

Subsequent studies have produced somewhat more
favorable results. The Coulson group in a third effort
(Coulson, Estavan, Melaragno, and Silberman, 1962)
found better performance on a criterion test in a group
which had been instructed with branching sequencesas
compared with a group using fixed sequences. In contrast
to the previous two studies of the Coulson group, this

45



third study used, as branching criteria, both errors'
and the student evaluation of his own learning proces$.

t The earlier studies with negative results had used only
errors as branching criteria.

It may also be noted in connection with the third
study of the Coulson group that the subjects in. the
branching condition used fewer items and took, if any-
thing, less time to complete the unit,(no significant
differences were found in the,time required). A later
stv4y by a member of the Coulson group, Melaragno (1967),
also found results tending to indicate greater teaching
effectiveness for a branching sequence. This study
demonstrated approximately equal, performance on thee
criterion test, but found that the branching condition
required less time and fewer items to complete the unit.
The results of these two studies are to some extent
complimentary since it would be reasonable to expect a
trade off between amount learned and time spent. Thus,
depending on how one constructed the unit and upon the
branching criteria used, students might either learn
more material in the same amount of time or the same
amount of material in less time.

Caution, however, should be taken in interpreting
these studies and others of the same paradigm, Branch-
ing is the variable intentionally manipulated, but it
tends to influence the number of items used by the
subject. The tendency seems to be for branching programS
to result in fewer items presented to the subject, thus
the branchiner method is confounded with "a reduction in
the number of items. If the subjects in ,the branching
condition spend as much timer as is allowed for the fixed
sequence condition, they have more time per item. '

,AlternatiVely, they may spend less time on the sequence
as was found in the Melaragno study. 'In either Case:
the effects of the branching variable 'se, are
confoUnded with the effectS of rtlducin4ihrnumber of
items, It is not clearly established in these Studies
that branchihg was required to produce the results. It
is logically possible that a fixed sequence with the
right items dropped would have produced the same results
as did. branching.



If it is supposed that branching sequences may be
better than fixed sequences, one might also ask whether
branching sequences are better than learner-controlled
sequences. Clearly the learner control method also
offers the possibility for adapting Isequence to the
needs of the learner. One study, Atki son (1972), address-
ed this question. . AtkinSon investigated alterna-
tive methods for optimizing the learning of a German-
English vocabulary. One method permitted the subject
to choose on each triak the, next' item to be presented
to him. Two other: methods were based'on &mathematical
learning model and utilized Learner response history in
determining on each trial which item was to betpresented
next. On a criterion test, the subjects under one of
the computer controlled strategies achieved the highest
level of'perfovmance. Based on this result one may
conclude that under some conditions experimenter controlled
branching is more effective than pure learner control.

The above studies suggest that branching sequences
may yield detectable improvements in, performance or
redUction in time required to complete the unit. Some
caution in accepting this conclusion should be exercised
as indicated. There is a general problem with research
in this area because units of programmed instruction are
generally quiterffective, at least as measured by their
own criterion terst. If the average performance on ,a
criterion test following,a fixed sequence of programmed
instruction is quite high, there is relatively little
room for demonstrating subsequent improvement. When a
branching sequence is introduced, in fact, the most
likely place in which improvement,could be found is in
the reduction of time resulting from,a reduction of the
number of items. But, as noted above branching is not
the only way in which one could reduce the number of
items. If a group of subjects were presented an instruc-
tional unit with branching options, one could tally the
frequency with which each optional item is used, and on
the basis of that, drop out the least frequently used
items to produce a shorter sequence having the same
average number of items as used in the branching sequences.
A comparison of such a sequence with branching sequences
would be required to establish that branching itself, as
distinguished from 'reduction in the number of items, is
the source of the results found above.
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teyond this, there is a need for research to esta-
blish cost-effectiveness parameters. It is not sufficient
to know that branching offers certain advantages. One
must also know the magnitude of the time saving, for
example, inorder to determine whether it is worth the
additional cost in terms of preparation effort and
computer programming to utilize branching.

It should also be noted that the possibilities of
branching have never been fully explored. As indicated
at the beginning of the discussion, studies of branching
have really been studies of sequencing only in the sense
that the branching introduced remedial instruction when
called for and skipped over material when the students'
performance indicated no need for instruction on that
material. In other respects, the sequencing was in
fact some a priori sequence determined. at the time the
instructional yitarial was prepared. Some of the ordering
principles reviewed earlier in this paper could be incor-
porated into a branching strategy which would have the
potential for adapting the instructional sequence to the
needs of the subject over some substantial range of
ordering principles. If sequencing strongly interacts
with individual differences, this may be one of the most
promitfing avenues for discovering such al effect and
utilizing it for practical inbLiuclional purposes.

Sequencing of Supplementary Instructional Material.

Instructional material can be viewed as composed of
two components. One component includes the bare bones
of the information to be presented, sentences or frames
which directly convey the information that will be required
subsequently on a criterion test. Given just this core
material, an extremely good learner with sufficient
effort should be able to extract all of the information
he needs for a high score on the criterion test.

The other component includes material which is
provided in the apparent belief that it will facilitate
learning. Such material is not essential; it is redundant
in the'sense that it repeats information provided in the
core components, and its function is presumably to interest
the student, to organize the material for him to highlight
important points, to cause him to recall material, and so
forth. This supplementary instructional material can be
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subdivided into three categoriesi: advanced organizerpi.
questionS, and reviews, Tn.;thiSseetiOni t1404111Aeal
with each of..theSe'sUbcategorie8-

FatilitatinO'PeriorM4600'AdVAnted Organi'ze'rs
Advanced, organizers are introductory mater1 al at. :40:
level-of'abstraOtion generality, and inClUsiVene00-::
Theyare deeigned'to provide the
to be,learned in terms which 'Ore:famtlier,t0,thestudo#
Research, on,:this tePic:haa :1?PicallY0ontra6ted the
effectiveness Of-,:adVOcedergenitet#h +:01i0tOrida1
introduetien:Of approximatelyequallerigthhelreOlt*
indicat6AAusu4.61 1960vAusubel and',Pitzgerladi ).96,2 1
Scandura and 196,7)that adVanced organizers
enhanc*retentien as measured by:a:s0Peque.nt O':grir4,00
test, These reassuringrOuIteprifirMthat the fairly
general-practipe'Of preparing instrtOticinalMaterial$
with an overview, in ,frOnt1s4indeed, scientifically
justifiable and should' becontinuea.

'Facilitating Performance: Questions:' Question*
may be posed before or after the'Oresentitie:of;411L.
instructional passage. PUCh questions may be very:`
general in nature, or they-may.foCus:upOn particular
items in th6 passage. General questions-Mghtimorp:
properly be viewed as an alternative form of advanced
-organizers. ,More'scientifte questions haVe'beanuse4:in
the research discussed here: A'principle.purpOge:ef
this research was to determine whether -such qUeOtioris
would facilitate criterion performance as compared to
instruction without the questtons, ik second Purtipae '

Was to determine the relative effects of placing the
questions befere the' nstruciiOnal material as coMpared
with placing them after it. Bruning (1968), Frase:(1969b).
Rothkopf (1966), RothkOpf and BiSbicos .(1967), have
conducted studies on this question. The results have
also been-reviewed by Frase (1970).

The findings of these Studio. indicate that whether
questions are inserted before or after the passage, they
neverthelesS facilitate criterion performance. There is
a differencejn the effect of placement, however.
Questions inserted prior to the passage tend to-favor-the
acquisition of material's specifiCally xeleVant,to-"the
questionS. Material not relevant to the questions is
not retained as well as it is when the questions are
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omitted. Thus, there world appear to be'a',trade off

-effect Produced by using qdestions in advanbe of the

instructional passage.

Queetioni Provided after the instructional passage
have a more, generally' favorable effect, provided that
a segue/16e of such passageS and subseiNent questions is
presented. Under these*ciroumstances, the Presence,of,'
the questions facilitates the acquisition both
material relevant to the questions and of material
unrelated to the questions.

On the basis of the above studies, it appears that
questions are useful as supplementary material.. QuestiOne
prior to the instructional passage'may be useful for
emphasizing or pointing out particularly important itets

to be learned. Questions presented after the instructional
passage may not only provide rehearsal on the item
associated with the question, but may also provide
circumstances which reinforce effective learning behaviors.
Such questions could, thereby, lead to a general) improver;
ment in learning on the part of the studente Such
questions may also serve to indicate to the student:the
kind of material he is required to learn for sucCess
the criterion test.

Facilitting Performance: Reviews. It is generally
supposed in the preparatioh of instructional materials
that reviews of some sort are useful. Research by Gay
(1971) supports this view and furthermorelndipates that
in presenting more than one review, it,is useful.to
distribute the reviews over time. Other evidence''
(Ausubel and Youssef, 1965) tendi to confirm this`con-
clusiori, which is also consistent with the general
finding of massed versus distributed practibe cited,
earlier in this report.

Describing Information Structure.

in the.introductorysection of this report, we
discussed the properties of instructional content that
might influence the sequence of Presentation. We noted

that the critical aspect of instructional material,
which may bear upon this question, is that of interr-

dependence or relationships among the items to be taught.



We will designate the set of relationships among the
concepts in an instructional unit as its structure.
The structure of teaching materials can be subdivided
into two general categories, the semantic structure and
the teaching structure.

The semantic structure of a unit is composed of the
conceptual which are inherently part
of the material to be learned. Examples of these
relationships are: 11) temporal, (2) spatial, (3)
attribute-concept, (4) part-whole, and (5) subset-
superset. Most of these relationships have been
mentioned in the preceeding sections. Two of them,
hierarchical structures (composed of subset-superset
relationships) and concept-attribute relationships,
were discussed at some length as potential bases for
particular sequencing principles.

Teaching structures are sets of relationships among
concepts which are introduced specifically for the
purpose of improving the effectiveness of instruction.
Illustrations of teaching structures are rule-examples
and analogies. A,third relationship, which might some-
times fit under this category, is that of prerequisite-
criterion. The rule-examples relationship has been
discussed in an earlier section under the heading of
inductive versus deductive sequencing. The prerequi-
site-criterion relationship was discussed in connection
with the sequencing of hierarchical material.

Information structure may be important in ordering
in at least two ways. First, an instructional unit may
be represented by a single pure. structure, that is a
structure containing only one type of relationship.
For example, a pure structure may be involved in teaching
an individual about the capabilities of a set of weapons.
In this instructional setting the only relationships
between the weapons and their capabilities are ones of
concept-attribute. Once this structure is discovered
(in this case it is fairly obvious) then empirically
devised principles of ordering concept-attribute
structures can be employed (see the section on Sequence
OrganiLation: Concept Name Versus Attribute, page 371,,
for further details). This example can obviously be
extended to any instructional situation, where there is
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primarily one type of relationship between the items to
be learned, and where principles of ordering material
with this type of relationship are well specified. The
basic problem is to develop techniquifs for discovering
the nature of the underlying relationship in a pure
structure so that appropriate sequencing principles can
be employed.

A second way in which structure might be used, to
determine optimal sequencing lies in the possibility
that principles for deriving optimal sequence from any
known structure might be developed. This latter consi-
deration becomes particularly important when we recognize
that many instructional units fail to constitute pure
structures of any single kind. Rather, they tend to be
compounds in which several different kinds of relation-
ships exist among the concepts.

For example, in an instructional unit dealing with
basic concepts in physics we might find such concepts
as matter, atom, electron, nucleus, valence, free electron,
bound electron, and conductor. Atom has a part-whole
relationship to matter; i.e., matter is composed of atoms.
Nucleus and electron also have a part-whole relationship
to atom, and they are themselves subject to a spatial
relationship. The concepts free and bound have an
attribute relationship to electron. ViEWEce has an attri-
bute relationship to atom. Free electron and conductor
have multiple or alternative relationships. In one
sense, a free electron is part of a conductor. But that
does not fully express the relationship since an atom is
also part of a conductor. In fact, free electrons are
also related to conductor as a defining attribute. That
is, a conductor is a substance which has many free electrons.

These physics components described provide an example
of a compound structure (multiple types of interrelation-
ships). With this type of structure it would be necessary
to fully describe the relationships between concepts and
to produce an idiosyncratic ordering taking into account
the nature and strength of these relationships. Clearly
what is needed is a means for describing such a structure
and a technology for deriving an optimal order from it.
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There is still another reason for seeking a capability
of describing information structures; better methods are
needed for assessing comprehension and learning... The .

semantic structure of a teaching unit is inherently' part
of what is to be taught. Indeed, it would.appear.that
with regard to conceptual material, we may distinguish
between elementary facts and semantic or conceptual
structure. If so, we would suppose that when a periOn
is said toAcnow some of the details of a unit, but not
to,have comprehended,the entire thing,'we mean that
has not acquired the semantic ,structure (the set of
relationships among items). In other words, it may be
that when a person comprehends conceptual material, he
is representing it to himielf in a way that is consistent
with a generally accepted semantic structure.; Aue, we
might use methods for describing semantic structure, not
only as a method for sequencing, but also as amethod
for assessing2the adequacy of comprehension over and
above ther4Ant to which detailed items have been learned.

We may identify three general techniques which might
be considered approaches to the 'description of information'
structures. These are: learning hierarchies of the
prerequisite-criterion type, structureal analysis, and
multidimensional scaling.

Learning Hierarchies. Learning hierarchies were
discussed previously in the Stimulus Sequencing section.
The general supposition underlying this approach is that
learning is cumulative. It is assumed for any given
criterion task, there are prerequisites which can be
identified and which must be mastered before the criterion
task can be accomplished. Examples of theoretical and
empirical work in this area are: Gagne (1968, 1970),
Resnick (1967), Bloom, Hastings and Madaus (1971), and
Merrill (1973). A review of theoretical issues in this
area is provided by Okey (1973).

As characterized by Okey, the standard procedure for
specifing a learning hierarchy is to work backward from a
terminal task stated as a specific performance outcome.
The person developing the hierarchy asks himself, "What
would the learner have to know to learn the task most
efficiently?" In answering this question, one or more
prerequisite tasks may be identified. This same question-
ing process is applied to the tasks identified in response
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to its first application and so on recursively until the
tasks being identified are skills already acquired by the
learners. The rationale for this approach has been set
forth primarily in.the context of mastering such tasks
as arithmetic and algebra. It is of course, generally
acknowledged that clear prerequisites exist in such cases.
However, such a clear structure probably does not exist
in most other bodies of instructional material.

According to Okey, the way to validate a learning
hierarchy is to determine whether it describes the actual
learning sequence in a large percentage of the learners. As
a matter of fact, such a criterion is necessary but by no
means sufficient since it does not provide for assessment of
the critical attribute of a prerequisitera task which must
be mastered'befgre the subsequent task can be performed.
Merely to detertoine that tasks are mastered in a particular
sequence confounds the prerequisite-criterion relationship
with the easy-difficulty variable in that a task mastered
earlier may not be a prerequisite for a later task, but may
merely be easier to learn than the later task. Thus, there
is some reason to doubt the adequacy of validation of the
learning hierarchies as reported by Okey. This apparent
validation may merely reflect the investigators' ability to
order items from easy to difficult. Such an ordering, of
course, could in itself constitute a principle for
instructional sequencing and, indeed, has been discussed
in the section or stimulus sequencing. However, such an
approach would not constitute the utilization of a
prerequisite-criterion structure.

Another difficulty with the learning hierarchy approach
is it rests upon the assumption that strong prerequisite-
criterion relationships exist in the material, and the
specification of these relationships is a useful way of
describing the structure and seeking the relationships.
Even if it were generally applicable, the learning
hierarchy approach would not in itself result in any
general principles because the notion of a prerequisite
does not embody any general principle other than an
assertion of optimal order. If one knew, for example,
that all conceptual hierarchies are best taught in a
particular fashion, this principle would apply to every
new conceptual hierarchy encountered. In the prerequi-
site-criterion framework, however, each new criterion
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task is a new challenge to identify prerequisites. In
fact, any more general procedure for identifying an
optimal ordering is an alternative method for specifying
prerequisite-criterion relationships, if we take the term
prerequisite in a less than strict sense.

In addition to these disadvantages the learning
hierarchy approach rests upon the skill or art of the
developer to identify genuine prerequisites. The pro7
cedure is not replicable and is not readily subject to
improvement, except by training of developers, and in
any case is likely to be very expensive.

Structural Analysis. Information structures way
also be identified by structural analysis methods. Three
researchers, Fredericksen (1971), Frase (1969b), and
Crothers (1970, 1971) have developed methods of describing
the semantic structure of text passages by separating the
structure into underlying components representing semantic
content and superficial components corresponding to style.
The semantic component is represented as some form of
hierarchy with the higher level elements corresponding to
the general meaning of the passage. The nature of the
relationships between elements are specified in this
analysis.

The procedure for the analysis is far too elabcratc
to describe here. It is not explicit or replicable, but
must be accomplished by persons already skilled in its
application. Moreover, the analysis has been applied to
only a few passages thus far. The intent of current
structural analysis investigations is to explore its
utility and induce an algorithm which can then be made
explicit and general. If that objective is accomplished,
this method is extremely promising. But until it occurs,
the techniques is more art than science and would be far
too expensive for any practical application.

Multidimensional Scaling. Multidimensional scaling,
u recent analytic technique which has come to prominance
in studies of perception, has also been proposed as a
methodology for defining information structures (inter-
relationships among concepts). The procedure was
originally developed for studying how humans perceive or
interpret relations among complex collections of objects
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or events (Torgerson, 1958)., A review of more recent
applications is provided by kinnes, 1969.

As indicated earlier, an information structure is a
set of interrelationships among conceptual, units. When
the relationships are 'of one kind as in a pure structure, ,

the identification of such relationship is generally not
difficult. If, however, there exist many types of
relationships in the same body of material, identification
and specification of those relationships (as with the
compound structures described earlier) may become
extremely complex and even impossible without some
technological assistance.

At this point, multidimensional scaling offers a
useful mechanism. It is certainly possible to obtain
from people judgments abollit' the extent to which pairs of
items are related, taking each pair at a time. Such'
pair-wise comparisons may reduce the problem of describ-
ing the structure to a manageable size from the standpoint
of the judge. The set of pair-wise comparisons can be
analyzed by multidimensional scaling procedures in such
a way as to recover an organizational framework which can
account for the judgments. The distance relationships
in this framework offer a possible description of the
information structure used by the, judges assessing the
relationships.

Thus, with material of unknown information structure,
it is possible to obtain judgments from a collection of
people knowledgeable about the material and to analyze
these judgments in a way which produces a description of:
the information structure. Multidimensional scaling
techniques not only allow for the inference of a structure
on the basis of pair-wise comparisons, but they also permit
the creation of an average structure which integrates the
judgments from any desired number of experts. The result,
under favorable circumstances, would be a consensus
structure which avoids the idiosyncrasies that might be
associated with any particular individual's viewpoint.

As originally developed, multidimensional scaling
techniques were intended to permit the 'description of
structures of stimuli in which the stimuli had multiple
interrelationships. For example, the perception of

56



similarities between random shapes varying on a number
of dimensions (e.g., symmetry, area, and jaggedness)
has been explored with multidimensional scaling techniques.
It has subsequently become clear that the techniques could
also be used for dedcribing intefrelationships among
cognitive units, as well as, pwrceptual units. Clifton
and Odom (1966) used multidimenSional sOalihg methods to
study propositions derived from psycholinguistics. The
stimuli in .this case were sentenced which differed by
standard grammatical trandformations (i.e., combinations
of passive,'negative; and question transformations).
Subjects in this experiment were asked to make similarity
judgments on all possible pairs of stiMulus sentences.
Thede judgments were then submitted to the INSCAL program
(Carroll and Chang, 1970) for multidimensional scaling.
From a psycholinguistic standpoint it would be expected
that the subjects would perceive the sentences as varying
on three dimensions corresponding to the three classes of
transformatiohs used. The conceptual spaces prOdUced by
the INSCAL program did indeed contain the three expected
dimensions. Further, the locations of the sentences in'.
the conceptual spaces were congruent with theoretical
expedtations.

Dansereau, Fenker and Evans (1970) had subjects make
judgments abput stimuli stored in memory. The structures
recovered by the multidimensional techniques were similar
to those obtained when the subjects were judging the
stimuli themselves, thus indicating that scaling methods
are applicable to judgments of relationships stored in
memory as well as to relationships visible during percep-
tion. It is, therefore, possible to use multidimensional
scaling to tap the internalized cognitive structure of
an expert in a particular area.

Wainer and Berg (1972) used a multidimensional
scaling technique to infer an information structure
employed by students judging literary works. The students
rated short stories according to their similarity, and
subsequent multidimensional scaling analysis of the results
produced two well defined dimensions which were readily
interpretable in a literary sense. The authors concluded
that this method might be suitable for evaluating students'
understanding of literary works and for determining the
effectiveness of instruction.
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Multidimensional scaling appears to offer substantial
advantages for producing descriptions of information
structures. It is not limited in application to pure
structures alone, but is suitable for compound structures
(such as, the semiconductor, atom, and electron structure
described earlier), regardless of whether the relation-
ships among concepts are known or not. Furthermore, it
constitutes an explicit procedure for producing an infoi/-
mation structure, ''a procedure which Can be replicated with
other judges and which should produce similar results from
different sets of judges. The judges themselves need no
particular training in operating with the assessment
technique, so that, while the information structure is
subjective (as it must inevitably be), it is not the
subjective judgment of a single individual or the result
of a training technique. Multidimensional scaling can,
thus, be regarded as a technology rather than an art,
and one which can be applied relatively inexpensively.

Derivation of a stimulus order from a structure
produced by multidimensional scaling would still be an
art at this time, but since the structure can be specified,
explicitly, it is also possible to propose and evaluate
explicit procedures for deriving an order from the
structure (a preliminary attempt at deriving stimulus
sequences is presented in Annex B). Thus, it is possible
that the multidimensional scaling could be used to produce,
not only an information structure, but also a specified
ordering in an explicit and standardized fashion. If
successful, this sequencing technique would be replicable,
and applicable to a wide variety of instructional
materials.

Moreover, since the responses used in the scaling
require no particular training, these responses can also
be obtained from students, as suggested in some of the
studies mentioned previously. Part of what a student is
supposed to acquire as a result of instruction on concep-
tually complex material may be a 'representation of the
interrelationships among concepts; that is, the information
structure. If that is so, it would be possible to measure
the extent of agreement between the structure recovered
for a given student and the consensus structure of the
experts. That extent of agreement might be taken as a
measure of the student's conceptual grasp of the material.
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If this measure should prove valid, it would offer not
only a general measure of the student's grasp, but a
specific indication 440/here the student was deficient.
The extent to which the student matched the consensus
information structure could be assessed on each dimension
of that structure, and if he were found to be deficient
on a particular dimension, that information might be used
to decide on an appropriate remedial training activity to
improve his utilization of that particular conceptual
dimension. For example, in the context of the Clifton and
Odom (1966) transformational grammar study, if the
conceptual space derived via multidimensional scaling
for a particular subject indicated that he used only
two dimensions in making his similarity judgments (e.g.,
Hiliensions corresponding to negative.and passive transfor-
mations) rather than three, then training on the third
dimension (in this case, the question transformation)
would most likely enhance his perceptual processing in,
this situation.

0

Recommended Directions for Future Research.

Specific conclusions and recommendations have been
made at the close of most of the sections. A few major
recommendations stand out in .a review of these specific
recommendations.

Description 91 Informat3on Structures. Mugh more
attention should b-e- paid to the development of procedures
for describing the information structure and relating
the ordering of instructional materials to such a struc-
ture in the context of research. Information structure,
as described on page 51, is the set of interrelationships
among the concepts, or items, to be taught in an instruc-
tional unit. These interrelationships among concepts may
be of a variety of types: temporal, spatial, concept -
attribute, part-whole? superset-subset, and rile- example.
In a pure information structure all interrelationships
among concepts are of the same type (e.g., concept-'attri-
bute). In a compound information structure there are
two or more different types of interrelationships
composing the structure.

For the most part, the basic strategy for'relating
content to ordering has been to identify or impose a pure.
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infoimation structure uon the materials, and then to

apply an ordering principle to that structure; The Only

,alternative to this procedure:appears to be the use of

expert Opinion to'prodUce an ordering on the -basis, of

the subjective and unkhoWn principl4simed by the expert..:

Thus, it appears that:expXiCit and generally applicable-:-.

ordering principles must be 'derived -by,:identifying

classes of'inforMation structure-je.g., concept=attribute

relationship6) and testing the effeCtiveneserof.standard

H ordering principles (e.g.,, organization by concept or by

attribute).

A major limitation to this strategy is that. simple

and pure information structures may be relatively Tare'in

practical instructional units. ThUw, while the importance'

of this information structure as a basis for...studying

ordering processeS must surely be acknowledged, methods

must be developed which allow for the description c5f

information structures as complex as those that are found

in typical instructional units'. FurtherMore, explicit,

objectiNe procedures must be developed which allow the

specification of possibly appropriate orders from the

knowledge of the information structure. Finally, the

explicit ordering procedures -must be evaluated for

effectiveness in practical instructional contexts.

Developnent of Dependent Measures. ,ASsociated

with this researcEit will be essential to develop and

validate dependent variables which are,sensitive to the

-learning of conceptual material. Tests which primarily

measure the student's recall, of individual facts"may not

adequately reflect his mastery of the conceptual aspeOts,

of the material (that is, the interrelationships between

concepts) . If conceptual mastery is deslred, separate

tests may be needed. Tests 'which can be validated by

more generally acceptable measures of'conceptual mastery,

Such as, performance on an,essay,test, can be used.

Measures based do multidimensional scaling may also,be

applicable for these purposes.

Effects of Individual Differences. Finally, more

attention to be given to individual differences

and their interaction with'instructional variables such

as ordering. On the basis of the present review, it

is clear that the 'research base for conclusions about

the importance of individual differences is distressingly
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. weak. ThuS the evidence..cannot be : :'cited as -`demonstrating
':major individUal difference effeots in interaction' with
sequencing. NOVerthplese there ie a wide:0'04de. if,
scientifically substantiated belief among teachers'-that:substantial individual. :differences. e$ist, with 'respect-Ito:-
resPCniiiVeneas::ib alterriative :teaching,.pethOds., If sUate-:differences do exist, :' theY.:MUst- be; 't.aken into ,account_adequately in the',01tebution of research on ,I:thip:topt,cf.-
Otherwise individUal: differences. will obscure the); affectof instructional.

-treatments,:

bUting.relatiVetlY .Significant variance ..'to the- eipx*: OA*:awl; us reauce the likelihood ,:Of deteCting: trOe`treat.,.'
merit of feots. As a first f.iteip-:t*ard dealing: With,,tbia:
problei; ..attention 'should . be ; given ,t01',intrOc1441719ritzlii:49,-
measures designs-..intOthis kind of ,:reaearC4;)-34:iyondsubject ,.variables shbUld be sought ,which COUld:',predict"'
responsiveness- to particular ordering
practical applications branching techniqueS pr6ginatrubtions and preteste prOViding ,diagnCitic ipforAtat.-4.00.
4bout points', of familiarity for the .indiVidUal'':atudenti-'
May prove to be usefUl in adjusting instructional seqUenCeP-1.'
to :individual needs. .



CHAPTER II

EMPIRICAL DEVELOPMENT

The revie0 and synthesis of the literature 'showed.
that the.sequence in which 'instructional material is

presented may influence the .effedtivenesS of,,instrUctipn,
as measured by.the achieVeMent leVel or by the time
required to reach 'a spedified achieVement leVel. Accord-
ingly, if the optimum sequence Of a Particular body of
material were known, training programa could probably
be made more'effective and More efficient. The literature
on the effects of sequencing, however, is rePlete with
conflicting studiea. Sequence effects are often found,
but there are enough exceptions to-suggest that we do not
yet know all of the 'Conditions which are necessary to
produce sequence effects or use them constructively in
the'design,of instructional material.

chapter I indicated that there are at least two
major reasons for the lack of definitive conclusions on
the effects of instructional sequence.

(1) There,is presently no systematic method for
producing potentially optimal sequences. If we assume
that the underlying structure of the body of material -
the interrelationships'among the concepts - is a major
determinant of the optimal order of presentation (as
discussed in the Information Structure section of
chapter 1), then what is needed is an objective and
broadly applicable method for describing this structure.

.(2) Individual differences may strongly interact
with instructional sequinbing. Thus, .there may be no
.single optimal sequence; rather there 'may be Several
sequences which are optimal'if fitted appropriate
individual. Most of the *research on the effedtS of
sequencing has not adequately taken intoiaccount the
potential role "of indiVidual.differenCeS, such an omission
could greatly attenuate the apparent effeCtiveneas of
sequences. Idea. lly, the information sequences should be

tailored to the 'individuals needs; current preparation,
and perhaps his learning information-processing habits.
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The purpose of this research program is to study
the effects of sequence in a coherent fashion, taking
into account the above 'mentioned difficulties. In
particular, this program has bean dedignedt

(1) To investigate the utility of multidimensional
scaling as a method for deacribing the underlying strud
tura of Air Porde instructional material, andl.donsequently,
to investigate its utility as a basis for deriving poteh-
tially optimal'sequenceS,

(?) To determine whether there' re interactions
betweeh information sequence 'and measures of intellectual,
ability..

(3) To assess -the effectiveneOs of theses sequences
with two modes of presentation, "verbal and PittOria.l",
and two levels of difficulty of the instructional.
material; both of these bight be expected to interact
strongly with'individual differences..

(4) To assess the interrelationships and sensitivity
of several measures of comprehension', including multidimen
sional scaling.

In this portion of the report we will presents

(1) An overview of the major study to be Conducted
in Phase II of this research program.

(2) A discussion of the stimulus materials and
dependent measures which have been developed for use
in the pilot studies, and which will foeh the basis,for
the selection ofmaterials to be used in the main study.

(3) A detailed report of the pilot studies results.

Overview of the Major Study.

The major study to be conducted in Phase II'of this
research program is designed to fulfill the purposed
enumerated previously and, thus, dispel some of the
uncertainty about the effects of information sequencing
on instructional success. It is planned that this study
will use one huncred and eighty Air Force ROTC students
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,as aUbjeCtS in a fully crossed 2 by '2 3 design with
15,stibjects'per cell. The 'indePeridelit variables will, be:

(1) Made Qf presentation, 'verbai versus' '4..btortal".

The 'same instructional content will be presented in two
different forms, one amphasizing.verbal instruction in
the 'form of printed tekt,-.theOther making maximum use
of pictorial and graphic presentation.

, .

(2) Difficulty' of instructional:Material. Two Air
Force instructional piaaged differing In the ease of
acquisition will be used. The fact that these packages
differ in level of difficulty has b6en established empir-
ically in one of the pilot studies.

(3) Stimulus' se u'erice. The'instructional packages
have been 3ii-cToiF)We nto small units with e_ach unit
bearing upon a particulavconcept. The 'units from'each
of the instructional packages will be,arranged in three
different orders. -One order will be'that used in the
original Air Force instructional package; the other two
orders will be derived from the multidimensional scaling
technique.

In addition to the above independent variables,
measures of each subject's intellectual ability will be
correlated with performance on the experimental task, so
as to determine the extent to which this treasure of
individual differences interacts with the indePendent
variables in determining performance in the experimental
task,

The stimulus materials and dependent variables for.
tfiis major study have been assessed.and modified
Series of three pilot' studies. Prior to a diScuSeion of
the .reaults of these studies, the stimuli and dependent
measures will be presented.

StiMulua Matdrials.

In this section we will discuss:

(1) the selection of the instructional
their conversion into pictorial analogs,



(2) the description of the underlying structure of
these packages (interrelationships of key concepts) by
multidimenSional scaling, ,and

(3) the derivatidn ana seledtion of objective infor-
mational sequences fromthe multidimensional scaling
solutions through use of ordering algorithms.

Seledtion And ConVersidn of InstrUctionai Material.
Three sets of Air Force instructional material.were
seleCted after extensive examination of a variety of
instructional packages" related to the training of Precision
Measuring Equipment Specialists and of technicians in
Maintenance Electronics. The criteria used were as.
follows:

(1) Each instructional set should consist of
approximately fifty minutes of coherent material.

(2) The material should be representable
a pictorial and verbal format.

(3) The material should be amenable to multidimen-
sional scaling. In particular, the.indructional material
should be composed of ten to twenty interrelated key
concepts.,

in both

The three sets of material chosen for inclusioh in
the pilot studies on the basis of these criteria are:

(1) The Characteristics of Matter (pages 1-22 of
the document labeled Precision Meiiiiing Equipment
Specialist, DC Cir uit Analyse3 Blocks II),

(2) Oscilloscope_ Operations (pages 1-18 of the
Maintance giectronfoidocument entitled Oscilloscope
Operation),

(3) Semiconductor Theory (pages 7-24 of the
Maintenance Electronics document entitled Semiconductor
Theory and Solid-State Diodes).

The original material in the three chosen packages
is primarily verbal. To investigate the effedts of
pictorial as well as of verbal presentation, alternate
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forms were created by converting these primarily verbal
packages into primarily pictorial representations.
Approximately seventeen key concepts were derived from
each of the packages, and a concept by concept matching
of the information was maintained between verbal and
pictorial modes.

These stimulus packages were prepared in booklet
form containing approximately one concept per page for
presentation to subjects. Pilot Study 2 provided evidence
that the Characteristics of Matter package was
learned most effectively.. Of the two more difficult
packages, the Semiconductor Theory package posed special
problems for administration and interpretation of effects
because it required some pretraining for students to be
able to handle the concepts presented. Accordingly,
this package was not included in the main study. The
Characteristics 'of Matter package and the Oscilloscoe:
Operation package were retained, to represent two levels
of instructional difficulty. Of the three stimulus
packages used in testing, one sample package, Charac-
teristics of Matter is presented in both formi,Wilal
and pictorri1713111nex A.

Obtainin Descriptions' of 'the' Information Structures.
The two reta ned packages were stuaaTheparately by six
ilidividuals with some prior expertise in the respective
content areas. Both physics and psychology graduate
students were employed. For each package the experts
were asked to provide relatedness judgments between
all possible pairs of key concepts. Similarity or
relatedness judgments were submitted to the INSCAL
multidimensional scaling program; this technique was
described briefly in Chapter 1. A sample of (Charac
teristics of Matter) the instructions and stimulus
materials for these tasks are presented in Annex C.

Two dimensional solutions were judged most appro-
priatefor each package, a sample of these solutions
are presented graphically in Figure 1. The distance
between each Concept reflects i.he experts' judgments
as to how Strongly the concepts should be related
during instruction - the nearer two concepts are,
graphically, the more strongly they are judged to be

6 6'



1.
4 m 0 a)
. r- 1.

4 > m

1.
19

9

.9
33

.6
66

.3
99

IM
A

T
T

E
R A

M
O

LE
C

U

3C
O

M
P

O
U

N
D

II

8N
uc

tiu
s

4A
T

O
M

;

N
.,

0
,

ci
3x

°
,i,

&
*)

)1- 
-

ct
-

4(
>

11
:3

90
R

B
IT

51
9q 1/

B
O

U
N

D
 E

LE
C

T
R

O
N

-1
5E

E
E

E
T

R
oN

IO
E

X
C

IT
E

D
 S

T
A

T
E

16
B

A
N

D
S

14
C

O
N

D
U

C
T

O
R

S



related. The INSCAL program also,produced-for.each

JOlea set of numerical. Weights-indidating:the-eXtent,
tO,whicb that judge Used:ea-6h the :dimensions in'hid

J44gments'. A sample bf these"WeightS4S:altio:preserited
graphically in FigUre 2. The tightness of: the

of experts in the judged' 'spadeisrindicatedHthair:pgree
Merit on the ..relatedneds of the 'concepts.

De Velo Merit of TriforitiatiOn:Sequended. The 'multi-

climatiS onal pdaling:SOlutIOWi7Frovide an explicit
deagription of the information structures. To use

these descriptions in-develOping stimUlUs sequences,_
Dr. Selby Evans has produced a-nuMber.of dOmputerbase&-
algorithmb.. These algorithMs-take as input the'.

coordinate4'of.the key concepts An aspace4eriVedby
the INSCAL program and produce' dtimulUs ardent. of key..

'concepts based on various criteria of spatial proXimity..

'Metails on the algorithms used and the'seguerices
prOdutedfor Pilot Study No. 3 are presented in Annex

S.

Dependent Measures.

Five dependent measures have been developed for

use in the main study.. These measures will be'discussed

separately

Similarit Judgments. This is a new measure of
performance wh, ch requires the student to make related,
head judgmentS between all possible pairs .of key concepts.

Judgments are entered into,the INSCAL prOgram-Ahd the
resulting Spaces compared to' the spacee(produce&by'the
sotpers and spaCes.produCed by other students. Didtance

measures and correlations between spades:provide quanti',
tst00 indice0Of correSponden00 in such-cOmpariSOna.-

The INSCAL measure, obtained after-train#01#0Y0e0:
ari'indication" of how well a particular studeritr.hasi

understood the relationships among concepts. This

technique haS some obVicius advantageOrdvet-'tests of

isolated facts:in measuring comprehensiOn. fact;

the-ti.104.4ritY-judgMOrit . technique 'may Orcive.:to be an
objectively Scorable alternative to essay tests. A

Sample i.OtthaAitoilarity judgment instructions and

stimulus materialS (Characteristics of Matte0iS
presented in Annex C.
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Verbal Multiple Choice Tedts. This measure consists
of the set of questions deVer6Fga bythe Air Force to
asiess'understanding of the instructional materials. A
sample of these questions are presented in Annex D.

Pictorial Multiple Choice Tests. This measure
consists of direct pictorial of 'the verbal questions
developed by the Air Force (verbal multiple choice tests).
A sample of these questions are presented in Annex D.

Standard Cloze Technique. This technique'was devel-
Oped EFTWRir (1953) to measure' reading comprehension.
Every nth word in the original text is replaced by a
blank in the text phrase which the student is required
to fill. The student's comprehension score is the sum
of the blanks correctly filled by the student.' For the
present experimentation every fifteenth word in'the Air.
Force instructional material was replaced by a blank.
An example of these tests is presented in ,Annex E.

Concept Cloze Technique. A modified version of.the
Cloze, developed by Dr. Selby Evans, was also employed.
With this technique the occurrence of each key concept'
in the reading phrase is replaced by a letter in the
test phrase. The same letter is used for every occurrence
of a particular concept. The student is required to
indicate to which concept each letter is related. An
example of these tests is presented in Annex E.

Descriptions of the CoMpleted Pilot Work.

A series of three pilot studies designed to provide
information necessary for the successful execution of
the major, Phase II experiment was conducted. Each of
these studies is discussed separately below.

Pilot Study 1. This study was designed to assess
the effects of pr;dentation rate (35 seconds per booklet
page versus 45 seconds per booklet page) and mode (verbal
versus pictorial). on five dependent measures of performance
on the Oscilloscope Operation stimulus'package.

The main purposes of this study were:

(1) To arrive at.a stimulus presentation rate
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leading to mid-range performance; avoiding "ceiling"
and "floor" effects, with both verbal and pictorial:
stimuli. Mid-range Performance should provide 'sufficient
statistical poWer to deteCt subtle differentee in perfor-
mance in the main, Phase I/ study.

(2). To determine the appropriateness of the dependent
measures in assessing performance with both the pictorial
and verbal modes.

Method. Twenty-four male and female undergraduate
students were recruited from summer classes at Texas
Christian University to serve as subjects (Ss) in this
experiment. The experimental sessions lasted approximately
2 hours with the Ss being paid at a. rate of $2.00/hr.
The Ss were randomly assigned to one of four treatment:
groups (6 Ss per group) as they arrived for the experiment.

Depending on their group assignment, Ss received
either a verbal (original Air Force version) or pictorial
version of the Oscilloscope' Operation package in the
original Air Force sequence, The Osdilloecope 0 'eration
package was chosen for this first study because it var ed
between the other two packages in difficulty and because
it was most amenable to pictorial presentation. The Ss,
progress through the stimulus booklets was paced by the
experimenter at a rate of 35 seconds per page or 45
seconds per page. These two rates were chosen on the
basis of informal a priori experimentaticn with psychology
graduate students it Texas Christian University.

Following the completion of the instructional
sessions, Ss were, required to respond, at their own rate,
to each of the dependent measures discussed earlier.
The order of presentation of these measures was as
follows: Similarity Judgments, Multiple Choice Tests,
and Cloze Tests. Test order was chosen in consideration
of the fact that the test instruments themselves contained
content information which could have the effect of giving
the student additional review. Hence, the tests were
ordered so as to provide the least amount of content
information. Within the Multiple Choice cetegorli, half
of the Ss received the pictorial Multiple Choice test
first while the other half received the Verbal Multiple
Choice test first. The same manipulation was made within
the Cloze test category.
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Results. Two way, fixed effects analyses of
,variaraWiesentation time by mode) were performed on

each of the four dependent measures, For'the Standard
doze testp.the main effect of presentation rate was
significant (F m 4.43, df = 1, 20, p < .05), while the

main, effedt of presentation mode and thd interaction
were not statisticIlly significant. For the Concept
Cloze test, the main effect of preientation rate, was

also significant (F m 8.61, -df m 1, 20, p .01), while

again, both the Main effedt of mode and the interaction
were not. InspeCtion of the 'statistical means indicated

that the 45 second/page rate-of presentation led to
better performance than,the '35 second/page presentation
rate.

ThesiMilarity judgmenta'produced by each Subject
Were correlated:with_the average. similarity.
produced by_the "experts" on the Oscilloscope concepts.

The crude average correlation:between-Subject-8 and
"experts" in each cell of the design are presented,in

-Talbe 1 (the. higher the correlation:CoeffiOient,-pre-,
-'4Umably the greater. the-amOunt of information acquired
during training), =As with the Clout. measures, the
results Presented in Table A indicate a substantial
differencedue to rate of presentation.: and an unconsequen.!,
tial difference due to mode of presentation. -This WO
considered to be sufficient evidenCe :for the sensitivity.''

of the-similarity judgment measure to justify its
inclubion in the remaining pilot Studies and the main,
Phase'II experiment.

'Table

Crude Average Correlationg between Experts and Subjects
in Pilot StUdy I ASimilarity JudgMents)

PRESENTATION RATE

35 -seas

PO 'One

PRESENTATION- pictorial
M P p E

Verbal

Average

45 secs
'" per page

.14

.26

.20

.44 ,29

.42

.43



Analysis of the two multiple choice tests indicated that
none of the main effects or interactions reached signifi
canoe at the 0.05 level.

Discussion. The mean performance on all four
measures with a 45 second/page presentation rate ranged
approximately from 50 to 70 percent correct (and approxi-
mately 30 to 70 percent for the 35 second/page rate),
The level of performance associated with the 45 second/
page rate was considered to adequately avoid "dolling"
and "floor" effects. In addition, since there were no
significant interactions between mode and presentation
rate, the same rate should.Wffectively serve for both
modes, thus the 45 second/page rate was chosen for the
remaining studies.

The lack of significance of the main effects of
presentation mode (verbal versus pictorial) may be due
to a number of factors. The small sample size and the
lack of control for individual differences' in mode
preference'are probably the two most important. Both
of these shortcomings will be eliminated in the major
study.

The significant effect of presentation rate revealed
by the Standard Cloze and Concept Cloze 'tests indidated
that at least these tests are sufficiently Powerful tO
detect differences in performance in this type of task.
This power should provide a basis for a valid assessment
of the variables in the major experiment.

The lack of significant results with the multiple
choice tests may again be due to a small sample size.
These tests will be examined further in the remaining
pilot work..

A persistent complaint among the Ss in this experi
ment was the inordinate amount of time devoted to the
testing of their learning. They felt learned material
was being forgotten over the testing, and that fatigue
was influencing their scores. To partially alleviate
this problem, it was decided to drop one of the tests
for the remaining work. To provide a basis for elimina-
tion, correlations between the two Cloze tests (r = .76)
and the two multiple choice tests (r = .53) were calculated.
The higher correlation for the Cloze tests and their
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proven power indicated that one of them should be_dropped.
Because 'the Standard Cloze appeared to be leSs powerful
(as indicated by a substantially smaller F-ratio. for
presentation rate) and more time 'consuming, it was
dropped from the 'remainder of the pilot studied.

Pilot Study' 2. This study was designed' to aisess,
the re'lat'ive 4iffrculty of the verbal versions of.the
three selected .stimulus packages. (OscillOstepe%Operation,
Characteristics Of Matter, And Sedildonductor Theory)
arfriLTITiar ndentdepe measures (the Standard Cloze
test was dropped on the basis of the results of Pilot
Study No. 1).

The main purpose of this study, was to provide a
basis for selecting two stimulus packages of unequal
difficulty for use in the major experiment where inter-
actions of instructional difficulty with stimulus
sequence and mode of presentation will be examined.
,Because there were no significant differences between
modes of presentation in the first study, it was
deemed unnecessary to include both modes in this
experiment.

Method. Fifteen males between the ages of 17 and
20 were obtained from Texas Employment Commission to
serve as subjects in this experiment. The experimental
sessions lasted approximately 2 hours with the,Ss being'
paid at a rate of $2.00 per hour. The Ss were randomly
assigned to one of three treatment groups (68s per group)
as they arrived for the experiment.

.Depending on their group assignment, Ss redeived a
verbal version of eitherithe Oscilloscope' Operation
package, the Characteristics of Matter package, or the
Semiconductor package in their original Air Force sequences. ,

Since the comprehension of the Semiconductor material
was contingent on the knowledge of some of the concepts
of the Characteristics of Matter package, Ss in the
Semiconductor group were given a short pre-training
session prior to actual training. The Ss' progreSs
through the stimulus booklets during training was paced
by the wiperimenter at a rate of 45 seconds per page.

. This presentation rate was derived from the results
of Pilot Study No. 1.



Following the completion of the instructional
sessions, Ss were required to respond, at their own rate
to each of the dependent measures except the omitted
Standard Cloze tast. The order of presentation of these:
measures was similar.to that used in Pilot Study ls
Similarity Judgments, Multiple Choice tests, and the
Concept Cloze test. Again, within the Multiple Choice
category,' half of.the Ss received the Pictorial Multiple
Choice test first, while the 'other ,half received the
Verbal Multiple Choice test first.

Results. One way, fixed-effects analyses of variance,
over stimu us packages were performed-on three dependent
measures. With the Concept Cloze test the effect of
stimulus packages was significant (P = 6.6, df = 2, 12,
p< .05). With the Pictorial Multiple Choice test the
effect of stimulus packages was also significant (F = 6.3,
df = 2, 12, p 4.05). However, the effect of stimulus
package with the Verbal Multiple Choice test was not
significant at the 0.05 level.

Post-hoc comparisons (Tukey's HSD test) of the means
associated with the two significant results were conducted.
With the Pictorial. Multiple Choice test, the 'Semiconductor
package .and the Oscilloscope 0 eration packages led to
significantly poorer performance p 4=.05) than was
obtained on the Characteristics of Matter material. There
was, however, no significant difference in performance
between the' Oscilloscope Operation package and the Semi-
conductor package. With the Concept Cloze test, the
Semiconductor package led to significantly .05)
poorer performance than did the Characteristics of Matter
package, while all other comparisons were nonsigNRIFEW:
It was not felt that a formal analysis of the similarity
judgments was called for at this time. Such an analysis:
is extremely time consuming, and, in light of the results
of Pilot Study I, it was felt that sufficient evidence
for their utility had been accumulated. This measure
was /Included in the present study primarily to further
assess the effectiveness of its associated instructions
and the consistency of the subjects' responses. Both
instruction effectiveness and consistency appeared to be
adequate for our purposes.
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Discussion. The 'results of this study have led us
to drop the 'Semiconduct'or Package from the major experi-
ment. This decision was based on, the necessity for
pre-training with this package, and on-the adequate
results provided by the Oscilloscope Operation and'
Characteristics of Matter 'packages. At least with the
Pictorial Multiple" -676176-li test, these latter twc packages
led to significantly different levels of performance
(based on percentage correct), with the Osci116scoPe
material resulting in poorer performance than the
Characteristics of Matter package. These two packages
irould provide siiTfTFUWE variation, in learning difficulty
for the purposes of the major experiment.

Pilot Study 3.' This study was designed to assess
the aTas of four information sequences (the original
Air Force order was not included) on performance with the
verbal version of the Characteristics 'of Matter stimulus
package.

The purpose of this study was to provide a basis for
the selection of two algorithmically produced stimulus
sequences for inclusion in the major experiment along
with the original Air Force sequence.

Method. Twenty individuals (17 males and 3 females)
were obtained from the Texas Employment Commission (15 Ss)
and from a local church group (5 Ss) to serve as Ss in
this experiment. The experimental sessions lasted
approximately 2 hours with the Ss being paid at a rate
of $2.00 per hour. The Ss were randomly assigned to one
of four treatment groups (5 Ss per group) as they arrived
for the experiment.

Depending on their group assignment, Ss received
the verbal version of the Characteristics' of Matter
package in one of four sequences. The' Characteristics of
Matter was chosen for this pilot work, SgEiase it was
believed that the richer interrelationships between
concepts in this package would cause performance to be
mere sensitive to sequence effects than would be the case
with the relatively independent concepts contained in
the' Oscilloscope package. The Ss progress throughout
the stimulus booklets was paced by the experimenter at a
rate of 45 seconds per page.
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The foUr sequenced of the' ChAsraOterittios' Of-Mattier
package 'created by applying Dr. Evans' .orderinq'.,
algorithms (AnneX B) to the 'two dimensional
spaces" (derived by the /NSQU'prograM-frOM -,the-)ptperteF
similarity judgmental see Figurei 3 and 4.. For ibrei of
the orders, the algorithMs employed 'plasced'key concepts

=.-

together in the 'stimulus sequence 'thdtwere'proXimal,.in'
the "expert spaces. The 'difference 'bet4eferr these .'three
orders were their starting points. One order-,}*garlf.
did the Air Force order, with. the concept of triatter.
Another order beqan withl.the concept; treated
the Air Force; 'cOndlidtor's while the third be4111:',Wkth''the
basic building block- or the 'material y' "e9:01trbri 't11:0

fourth .order was created algorithMically byf-litarting,
with the concept of 'Matter. and sequencing concepts whiCh
were most disc (non proximal) .in.the',"exPert: sp.400 !I 4

Following the instructional sessions, Ss were require
to respond to the- four'dependent measured in:the same
manner as in Pilot Study 2.

Results. One wed, fixed effects analyses of variance
over stimulus sequences were-performed on each of three'
dependent measures. There were no significant differ-, )iiices-
due to sequence found with any of the three measures. '-

Inspection of the means showed that alt.hough' n
significant, the proximal sequence beginning with the
concept of electron and the non-proximal sequence led to
consistently higher levels orgerftormarice than'the other
'two proximal sequences.

Again, an informal analysis of the similarity judge
merit measure revealed that the subjects were interpreting
the instructions correctly and were producing consistent
responses.

Discussion. On the basis of these results, the
roximal sequence- beginning with the concept of electron
and tie non-proximal sequence were. selected for inclusion
in the miTEr experiment. Analogous sequences have been

) created for the Oscilloscope pickage (see Annex B).
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The non-,significant,differences between sequences'
may be due to the small sample size and the 'lack of control
for individUal differences; both of Which.will be remedied
in.the major experiment. In additionl'the types of
measures analyzed may not have adequately assessed the
components of comprehension that would be most affected
by sequence; 0.g.,.abStraction of'interrelatiOnShiPS
InclUsion of similarity judgments in the major experiMent.
may help to alleviate this,problem..

Conclusions from the Pilot Experimentation. The
results of the three pi of Mans have provided an adequate
basis for making Critical decisions' about specific,paraMeter
values to be included in the major experiment. :Stimulus
presentation rate, stimulus packages varying in difficu1ty,
and objeCtivively defined sequedces have been chosen fok'the
major experiment. The results of:the pilot studies haVe
demonstrated that the dependent measures chosen are probably
sufficiently powerful to detect relatively small differences
in performance.

Observations, of the subjects during the pilot studies
and discussions with them following their participation
have led to modifications of, the task instructions,'
.enhanced readability of the pictorial stimuli, reduction
of thb er of dependent measures, and improved, formatting
Of stim lus material and the response booklets: Hence, the
pilot studies permitted efficient probeS to determine-parameter
values and procedural refinement prior to conduct of Major
experimentatiOn. Without this pilot work the Phase II'study
would undoubtedly suffer from inappropriately .chosen parameters,.
and a general lack of precision leading to inflated error
variance.

SUMMARY

An extensive review and synthesis of the literature

1

(p imarily sytoce 1965) related to the impact of certain
va iables upon the design and devkAopment 61 effective
in tructional -equences has been presented: Critical
evaluation and recommendations for future research have
be" made in the following major empirical 'areas:
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Impact of sequence' ManiPUlatiOns on performance
StUdent versus instructor,determined.sequenCe0 ,

Principle's of stimulus gieqUencing-(e.g,,,induCtiVe
versus ReqUending.

,Of bierarchical.miterialcOn6PIA:-ClUbtering).
Interaation of individual-differ6hcP *44040:
with sequeAcing -

Sequencing of supOleilentiiY infAi,00tiOnal:Pate;la
Describing the information structure.'

In 4eneralt prelii0UP iilVePtig*tgone into .the` impact:.of
instructional sequencing have been-inOnSietenii-2A0OrtiOC
of thisjnconOistendk is undoubtedly due.-to methodologidal
flaws in the eXperimentation pOtentialexample-,of thik
Problem which shoUld beof. interest ,tothe'Air:yOrcOirOM
fiOilt an analyei0.0fthe effeetivof'branahing.tiUmberOf
studies. have reported that branching sequences '4'004.J4rb4terl
terminal:, performance 'and/or leis6 time 6,completer:the2:
Instructional,Unitthan fixed,seqUencelthOUg44r0014W:
is the variable'being intentionally' manipOlatedi,40nOtAlly
leads to fewerA.teMS being presented' in COmpariiont6',the
corresponding fixed sequence. Improvement .due
therefore,, may be due-to a reducednumber-of instructional''
items rather than branching get se. It iglogiCallir'Podsible:
that a fixed sequence with thitriht iteMivdropPed would
prodUCe the same resUlts:: in order -to,effectivelYte4t
the effects of branching appropriate control groups would
have to be developed..

In addition to methodological difficulties, three
other critical factors influencing'the conflicting-outcomes
of previous experiments on sequencing have been Identified:

(1) lack of systematic procedures for describing ;
information structures and for developing instructional
sequences,

(2) lack of sensitive dependent measures for the
assessment of sequence, effects,

(3) minimal attention to individual differences in
information processing styles and capacity.

In order to partially remedy these difficulties, an
experimental program has been outlined which addiesses
itself to each of the three critical factors. A
multidimensional scaling approach (iNsCAL) to the descript,on
of information structures and the generation of instructional



ileqUences has been developed. Two new dependent measures,.
the Concept Cloze test, and the similaiity orsrelatedness
Judgment technique,'have been Created for assesSment'of

sequence effects. Plans have been.made to incorporate
mires of intellectual, ability intoea main sipsriment'
the impact of sequencing. Finally, the interaction

0 sequencing and two instructionally important variables
(m de of presentation and diffictilty of content) will

assessed in a major study.

A series of three pilot experiments designed to test
out procedures and measures, and to set certain--parameters,
have been presented. These experiments have laid the
groundwork for a major study incorporating the factors
discussed previously. The results of Pilot Study I have
allowed us to select an appropriate presentation rate
for the major study and have provided evidence, as to the
sensitivity of the dependent measures. Of particular
interest is the aver4ge correlations between the similarity
or relatedness judgments made by the subjects and those
made by a group of eXperts. These correlations ranged.
from .42 td .44 at the 45 second presentation rate and
varied in accord. with the other dependent measures over
experimental conditions.

Pilot Study II indicated that the three selected Air
Force instructional packages *differed significantly in
difficulty as defined by performance on three dependent
measures. This results has permitted us to select packages
of differential difficulty for the major study.

.

Though Pilot Study III revealed no statistically
significant diffrences due to 'four instructional sequences,
the differencep between means were sufficient to allow:
selection of two of the four for inclusiofi in the
major study along wits. the original Air Force sequences.
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ANNEX A

A Sample of Basic Stimulus Materials: Pictorial and Verbal Versions
(Characteristics of Matter)

CHARACTERISTICS OF MATTER

VISUAL STIMULI

A-1



M atter
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Compound
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CHARACTERISTICS OP MATTER

VERBAL STIMULI

A- 7



Matter is most often defined as "anything that has mass and
occupies space". It is relatiVely easy to form a mental image of
some object as it occupies space.

A-8



'

With'exception of the Greeks, ACientMan,had little ihtexeuin the.structUre of materials. Re:acceOteda:dolid tO:he just that:4 continuous uninterrupted substance.. $ome:of the Greeks thought
thatif 4-perSon began to subdivide a piece of material'aUch40
copper, he could do so indefinitely. It was,aSIOngthe$6.040010that
thd idea of'Continuou0 matter was fostered. OtherSvrOasched:that,there must be a limit to the number of `subdivisions that:Coe':cOuldmake and still retain the original of the materialbeing SubdiVided. They held fast to the idea thatthere'tdit be abasic particle Upon'whidh all subStances arebuilt: Roth of
argUments were equally valid at that,timei forther0,00 still nomeans available to determine whic0 factiOn:_Was correct. 144,04*(414not question this until the nineteenth

,It was not until 1805 that John Dalton Pr0PC#44-hiVtheOriga'concerning the nature and behavior of matter. 110,prOPOSE4that::aWmatter is composed of invisible, solid, indeStructible partio104,,

CoMposition of Matter

As previously stated, the efforts of the treeks to subdivide asimple material were unsuCcessful because of their limited technology..It was near the middle of the seventeenth century that Robert: cylephrases the first definition of an "elemental substanccm HO statedthan an ELEMENT is a substance that cannot be decomposed into eimilersubstances. There are, at the time of this writing, one hundred twoknown elements with the possibility of discovery of many more. Theyrange from abundant elements such as silicon, carbon and oxygen torare elements such as lanthanum, samarium and tuletium which areextremely hard to process. During World War XI many el..manta weresynthesized (man-made). The names of the man-made elements areinteresting because in many cases they indicate their origin by theirnames. Elements such as americium, californium and berklium areexamples of elements of this type.



Although many Substances'are compoSed 'of a single element, a fa

greater number of substancer are composed. f a combination of different

elements. When two or more elements are chemically combined, theyjorm

COMPOUNDS'.., A common example of a compound would be a substance such

as water, which is composed of this element hydrogen and the element'

oxygen.

As elements tiOchls hydrogen and oxygen are,ohemicaily cOMbined

to form a compound, they lose their individual: identity.: A most vivid

realisatiOn of this fact can be noted when visualizing Whit04141teline

sugar. This compound consists of the black, edlid element carbon, And

twocolorleos4aoeous elements, oxygen and hydrOgerW:lhousands

'Compounds are known, each of which,posseBses definite chemical and

physical properties that epuble it to be diitinguiihable,frOwotherH

compounds. The almost liAitless
combinationebf eleMents to form

compounds has led to the discovery of the many substanCes whioh'have

becows a part of our daily liven, A few common examples of compounds'

ares 'salt, wood, and limestone.
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The discovery of the many substances that have become a part of
our lives would not have been possiblewithout.a great deal of study
of the elements. Since the elements arse the fundamental substance
of all matter, the development of any new product must be based on a
knowledge of' these substances. The elements cannot be decomposed, into
a simplet substahae; therefore, the dissimilarity'between them can
only be explained by assuming each element to consist of basic particles.,
This basic particle is called an ATOM. While the atoms of kgiven
element are similart.the atoms of different elements will have different.
characteristics.

An atom is defined as the smallest particle of an element that
retains all of the properties of the element. The following is Dalton's
conception of the atom:

A. All materials are composed of minute indestructibel particles
called atoms.

b. The atom is the smallest component part of an element that
enters into a chemical 'reaction.

0. All, atoms of a given element are exactly the same in weight,
shape, and size.



V

The atom is the smallest:pirt of an element that enters into

a chemical change, but it does so in the form of a charged particle.

These charged particles are called IONS, and they are of :two types,

POSITIVE and:WATIVE,. A positive ion may he defined as an atom that

'has become positively'charged.
A negative ion'may be defined as an

at- o* that has become negatively Charged. One of:theproperties of

Charged ions is that ions of the same charge,tend to repel OnS another,

.whereas.ionit of unlike charge will attract one another. The'term-'

Oharge has been used loosely. At presenti'tharge will be taken to

-Peon a gUantityof electrigity which can be ono of two kinds, positive'

Or negative.
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ANNEX B

Constructed Stimulus Sequences:
.Ordering Algorithms and Resulting Sequences
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. Ordering Algorithms and Selection of Sequences

Development.

The multidimensional scaling procedure (Inscal)
creates a space in which the concepts are represented
as points. The space is ordinarily two dimensional or
three dimensional, though spaces of higher dimensionality
are possible. Such a space does not directly yield a
specified ordering for the concepts: Ordering is a one
.dimensional representation. Thus it is necessary to have
some prodedure to take the multidimensional representa-
tion produced by the scaling procedure and reduce it to
a one dimensional ordering.

Such a procedure could be judgmental, based on an
examination of the array of points plotted in space. A
judgmental procedure, however, would be relatively diffi-
cult to apply to three dimensional solutions and probably
quite impossible for solutions of higher dimensionality.
Moreover, it is desirable to have an explicit process so
that the ordering can be replicated and Bo that alterna-
tive ordering principles can be assessed for effective-
ness.

The problem calls for special data analytic techniques.
It is somewhat like a clustering problem, but one might
expect in the context of instructional materials to have
a starting point for the ordering specified on some a priori
basis. Possibly, an ending point would also be specified.
The ordering processes must take such requirements into
account. Accordingly, Dr. Evans has written about a dozen
programs and subroutines in APL designed.to accomplish
ordering and to output the resulting data in a form which
facilitates interpreting it and assessing the overall
success of the ordering. In the'present summary, these,
will be described along with examples of their output.

Figure :1 shows an example Of the ordering results.
The heading indicates that the topic was Structure of
Matter, that it was a two dimensional solution 2t) and
tat it was accomplished on July 9, 1973. The second
line of the heading indicates that the method used.was
an algorithm.labled Pathfinder with. its major parameter
memory set to 1. Pathfinder accepts a starting concept
which was, in this case,' matter. It computes stkmatrW
of distances between all Pirii-Of.concepts and procedes
to construct an order by the principle of nearest neigh-
bor. That is, starting with,Matter, it found the concept
nearest to matter, andsplaced it second in the order.
,In that wairenTient was selected second. Pathfinder
then looked for the concept nearest element and placed
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that third. The procedure continued throughout the

set.of concepts, always measuring from the most recently

chosen concept and, of course, considering only those

.which had not yet been chosen.

The above desCription applies to the function,oV
pathginder.with memory equal 1. 'Memory can be set ,to a

largot4nteger valuei Say 213, or *.,-For memory 9041
2, pathfinder would base its choices on distance to the

tw0,-moSt, recently choSen concepts. XtWould choose EC,

flew' concept which has the minimum average distance to

the two most recently. ic;11Osen.concepts. For higher-va1ues:

of memory, pethfinder:wouldaPply the same principle,'

using the indicatednumber of recently chosen concepts.

In other words, this parameter acts somewhat like:4 .

memory in that, pathfinder utilizes the specified number

of the most recently chosen concepts to guide its selec-

tion of a new concept.

The ditplay itself (Figure 1)requires sot* explana-

tion. It is. accomplished by a separate program end is

intended to provide both quantitative and graphic infdt-7

tuition about the distances encountered by pathfinder-Yin

jorming theorder. Each concept is followed bytWo

numbers. The.number in parenthesis is merely the desi.g`!

nation of. the concept as it was originally. entered

the data file. The other nUm4Ori-notIn4arenthest0i
indicates the rescaled.dietance encountered by pathfinder

at each step. Thus the number 5 tolloWing le ntHindi--

cater that the distance between matter and e e nt was

moderate. "The,nufter 1 f011owin47M616-ule: 0 cater. thai

molecule was found to be very close to a Othent, TW;
actual distances lie between Crand 1; for purposes of

display, they were subjected to a linear transformation,

such,thatthe smallest distanCes would be 1 and the largest.

W0414 he 10.

The distances are also expressed graPhically in

this display. The amount of indentation is. proportional

to the distance-between a concept and the one above it..

This arrangement is AnalogouS to'the conVentiont*ed,in

constructing ordinary outlines; a'-subheading is indented

and nested Under a major heading.

Examination of'the ordering in Figure 1, shows that

matter appears as a major:heading (The-choice of indenta-

ilirTor matter and the distance. indicated after. it are:,

both arbittary, since it has no previous. concept to supply

distance.' The first concept is automatically-treated

40 a major heading and not indented)., It can be seen that

13-4



eleMont, molecule, and co ::pund, are displayed as sub-
rafairunder matter, an t ese evidently constitute a
subcluster rifiaVely.separate from the next': cluster,
which begins with atom. ..Thia.larger sUbolOster appears
to include Most of75g.reMaining concepts. Orbit'and
nucleus are finally added as additional major-TailingS*
Their InclUition atthid point OuggeSt that they did not
fit into either of the.Major clUiteril and are simply
being-tadked on becaUSe the program is required
oludeall:points.before it finishes.

Figure 2, displays th4redulta of the same Ot40417i4
as Figure 1, but in a different form.. Thil(J1004ing*Pin
identifies thetopilaimentlioneli'rcletelOeth0444-
key:paraMeters.-To producethe'diSPIWi4j140*42;the
matrix Of_diatanced:between:ell,Pairs'of,pointS,ivfirst -

rearranged so:that the rowsand cOltitne:OOtteepond,-tO
the concept order shown in FigureA,.- n other. wards,
row 1 and tOluMii 1 contain.the distanced between matter
and other concepts. Row: 2 and cOlOOn'2'00t401:*he.- 0
tenses between element and theothear±:condeptO'i and
fOrth.,.. Since the distance OatriS'dyMOOtriq4A04
has zeros in-its diagonal, only_the'loWertriangular
portion of the matrix is treateUrther.::1W400ente
in that ..pOrtion 'are, lineRely r-,resealed ."so that ,101*s0.10st
are reOreidented,by one by
berS are then converted to symbolw.fordOtput4000W,a
way that the largest and most 000W0y01401vreP;e0ent
the smallest numbers.

This is a convenient method for displaying :the
all effectiveness of a clustering prOcedt400
ordering is generally goOdi one might eXpect thetWhOP:L
collections of pointit'should be close
other asA.s-suggested, in fact, by the di01401 1.014*Pe.-
1. Since short distances are reptedented:by relatively
dark areas, a oluster would appear in this Matrix as.a
dark triangle. ExaMination shows two such triangles, one
small one at the tip corresponding to the cluster pre .

viously identified with Matter anda larger ;luster in-
the middle corresponding to the Het of concepts under the
term atom. An examination of_row 7 also indicates that
the concept of nucleus is relatively distant fromthe
other concepts and that no ordering based on nearest neigh
bor would include it.

Figure 3 displays the distances traversed by path-
finder in still another fashion. The concept numbers
are plotted on the abscissa,and the distances (SA the or-
dinate. clusters are-represented by low values and
transition between clusters by'high values. Here again,
the two clusters can be detected.
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STRUCTURE OF MATTER 2D 7 9 73
DISTANCE MATRIX REARRANGED TO SUGGESTED-ORDER PATHFINDER MEM:
1 12345678901234567
2 4
3 k
4

5 %owl
6 0:xto
7 02:0*
8 . :gads
9 orsakvo
0. ot:a0(q41

060t004401
2 .00e:of:OA*
3 .e..,:coeek44
4 ,beffictOOON400
5 :AncottleN440000
6 .0040o0cmaxia
7 0:,ciat::0..ta

FIGURE 2
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STRUCTURE OF MATTER' 2D 7 9 73
PATH ar§rAnCp. pmpinpsn MEM: i
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0,3

0,2
0

0.1

0.0
0

0

0

1 I I 1 1

10 15 20

FIGURE 3
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Figure 4 displays the results obtained with path-
finder using a memory of two. In this case, there appears
to have,. been a slight improvement in the ordering in
that l ce is introduced immediately after atom, rather
than a ter conductors, as in the case ofIliguigr. Logi-
cally, valence seems morn appropriate in its Figure 4
location. The distsncwt used in displaying the results
of Pathfinder are the distances pathfinder actually used
in making the selection, so that this case, they are the
average distances between the given point and the two
inmediately preceeding points. Thus the distances in
Figure I do not Agree with those in Figure 4.

Figure 5 displays the rearranged distance matrix
to show the clustering. The distances in this matrix
are not averaged, but represent the same kind of distances
as are shown in Figure 2.

Figure 6 shows' graphic display of the distances
traversed by pathfinder.

Figure 7 represents an alternative clustering.pro-
cedure, designated Umbrella, because it may be thought
of conceptually as closing an Umbrella. A starting point
is chosen and all of the:_other points are ordered accord-
ing to their distance fr4m this starting point. Concep-
tually, the result is asif the starting point were the
tip of an umbrella, and all of the other points were lo-
cated somewhere on the ribs. When the umbrella is closed,
all of the other points are mapped into a single ordering
along the umbrella shaft.

In some sense, Umbrella is the antithesis of path-
finder. Pathfinder examines nearby points and ignores
the overall picture. Umbrella is based entirely on the
overall picture as viewed from the starting point.

The distances represented in the display of Umbrella
results (that is the indentations and the first number
after each concept) are the actual distances between the
point and the immediately preceeding point.

Figure 8 represents an extension of the Umbrella
technique, here designated Umbrella Back. The algorithm
is exactly the samein this case, but the ordering.is
done from the viewpoint of the last concept. Thus in
this case, the algorithm was instructed to form an order-
ing based on the distances 'of the concepts from the
concept of conductors. Umbrella Back is ah intermediate
stage and not at-iiiilad as an ordering process in itself.
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.01X1070U-0 MATTER 2D 7- 9 73
WIMP 00.190sP27$11 PATHFINDER, 104 2

...MATTER *
.

2. ELEMENT 3 (2)
HMCO* -72. ( 6 ). .

COMPOUND 2 (3)
...5. ATOM_ 6' (4)
6 -VALENCE 6 (13)
7. .PWSW 6 _

ELECTRON 3 (7)
.

10,
11.
_12.

150
16., ORBIT A (4)

4M/64 -10 (8)

_IONIC AND COVALENT POND 2 (17)
BOUND ELECTRON 1 (17)-
ION 2 (5)
BANDS 2 (16)
EXCITED grArr 2 (10)
FREE ELECTRON 3 (15)
CONDUCTORS 2 (14)

FIGURE 4

STRUCTURE OF MATTER , 2D 7 9 73
DISTANCE MATRIX REARRANGED TO SUGGESTED ORDER PATHFINDER MEM: 2
1 12345678901234567
2 k
3 Oil

4 ow,z

5 ;OOa
6 :aacto
7 0:1:os
8 0::00*
9 0:1(.4400
0 0::a1006
1 , s s :0409040+
2 .0001eoe44s
3 .00e:0°044 0s
4 .000tocoge444
5 .000:octoeo4444,

6 .000a40000aatt
7 cs. Aff.ftl*416

t Otvbill,"414-ttilea

FIGURE 5
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STRUCTURE OF MATTER 2D 7' 9 73
PATH DISTANCE'S PATHFINDER mop 2 .

0,75

0.50

0.25

6 0'

0 0

0.0

0.00 0
.

0 5 10 15 20

FIGURE 6

STRUCTURE OF MATTER 2D 7 9 73

ORDERED CONC$11.$ UMBRELLA .. *Mt .0

1. kATITP_ i (0 :

2. .ADsgekt 3 (2)

3, ifOLtclak I CO
4...

, 0000. O
s. .ATOM '7 (10

6. VALERO* 5 (13)

7. SHELLS 4 (11)

8 , ELECTRON 4 (7)
9. ION 1.(5) .

10. IONIC AND COVALENT BOND 2 (12).

11. .NUCLEUS 10 (8)
12. BOUND ELECTOR' 10 .(17),

13,.. CONDUCTORS 4 (14)

14, BANDS 3 (16) -\,.. , . .. ...

8 .PREE,HABCTRON 3 (15)

16._ ORBIT 94(4) :: ''

17, EXCITED 00T 7 (10)_,....,...

FIGURE 7
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STRUCTURE OP MATTER 2D 7 9 73
ORDERED CONCEPTS, UMBRELLA BA_ON.. ,MEM:

1, NUCLEUS 1 (8)
2 MATTER 10 (1)
3, kowns
4. ELEMENT 1 (4).
S. COMPOUND '2 ( 3 ),
6. A2'014 5 (4)
7. ORBIT 6 (.9)
8 . ASHELLS 3 (11
9. ELECTRON 2 :(7).

10. VALENCE 3 (13)
11, row' AND COVALENT BOND 3 (12)-
12. wimp ELECTRON 1 "(17)
13.. ION 1 (5)
144 EXCITED STATE 2 (14)
15k BANDS 1 (16)
16. FREE stsdriv-N 2 (1-4)

.

17* CONDUCTORS 1 (lie)

FIGURE 8
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Figure 9 ehoWs the results, of .combining Umbrella.
Back with' the' otigihel Umbrella orelering,' Observations

Of theperformanco of'UMbrella and Umbrella.8aCk'suggested
that the otdering of each might be fairlY go*d inthe'
vicinity of theihitial cOncePtAnd that the ordering
probebly.deterioreted:oe the conoept0 became more distant

. from that focal point. .The algorithM in Figure 9 fOrms
a coMbined ordering of tWtwo, taking advantage ofthe.
part which is most effective in each ordering. The new

ordering iS the result of a Weighted linear combination
of the.Previous two orderings, Figures 7 and 8, such '.that`

the fitst third of the.order is "formed by weighting,the
results of Umbrella verY heavily; the last third iS.fOrmed
by weighting 'the results of'Umbrelle' Sack very he4VilY
(Figure 8) and the mid-Section is formed by an equal
weighting of the two algorithms.

This procedure makes it possible to sPeCify. both An,'

entry point and an exit point and be assured that the,or-
willaatisfy this requirement. Here again, the

indentation and numbets immediately after the concepts
depict' distances between 00110.and predecesoor.

Figure 10 displays the distance matrix for considerT.

ation of the olustering.

Figure 11 presents another result' of Pathfinder
which, given theiheading, should be self explanatory.

In general, the orderings` produced with the sttuc-
ture of matter unit seemed 'to be fairly similar to each
other except for the two rather distant conceptS orbit
and ucleus. This result suggests that the'Orderrirr"
may e strongly determined by the structure- Of the space
itself rather than by the particular aigortthm
The suggestion is of course enco4r4lingwith respect
to the view that the structure-ea the space can be used.

to determine an effective Order. As to whether the or-'.
'

dere .suggested by the algorithms are reasonable, the
reader may judge for hiMself. .

Figure 12 presents Pathfinder results for the osillO-

sc9Pe data. Figure 13 displays the distance matrix. In
contrast Lo the resuite obtained with the structure of
matter, the oscilloscope presents very little.in'the'way
of clustering. Apparently the structure of the sPace in
this case is substantially different.



M.S1 COPY AVAILABLE

STRUCTURE OF MATTER 2D 7 9 73
-PEDERND CONCEPTS. UMBRELLA BACK AND FRONT, MEMs 0

NATTER :1 (1)
ELEMENT, 5 (2)

1 (6)
comPopRp 3 (3)

A,:.(
'moms 9 (e)

wAk,
ik ELECTRON.. 3 .(7)

ION 4 (51_
.104 VALENCE 4 (13)

. IONIC AND COVALENT BOND 5 (12)
12. .. ,osam 7 (9)
13, .BOUND ELECTRON 7 (17)
14._ BANDS 3 _

15.- EXCITED 'STATE 1.(10).
FREE ELECTRON 3 (15) .

174 CONDUCTORS 1 (14)

FIGURE 9

STRUCTURE OF MATTER -2D 7 -9 /3
,DISTANCE MATRIX REARRANGED TO SUGGESTED ORDER.. UMBRELLA BACK ANA FROMM
1." 12345678901234567

-2. .

. kop

5_ 4644
1111'1
7>4,2 et410%

.448100
.1111004

0 itttalee4
928:%044114
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3 ossts4490
4_ ,oeitoefioetsiik
5 ,:toetstotinto
6 .0til.108)0e0441
7 ....s.tokoetetsk*

FIGURE 10:
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STRUCTURE 0? MATTER 2D 7 .9 73
WIPP, epigirPrs, tams

- 2 swan, 3 ( 2 )
3. MOLSOULS 2 ( 6 )

--4._ .1.,....v ;-... . COMPOUND 3 ( 3)
...';.." : ...... ATOM 5 (4)

t,..,rrr
VALENCE 6 (13 ).
SMELLS 6 (11)

( 7 ),

3

Mae AND COVALENT BOND-, .( 62)
BOUND ELECTRON 2 ( 17) -

='44400 2 (3 )
-....11/414411P8 2 ( 16 ).. -,-''.;:Liii.41;itxdrraD STATE 2 (10)

14, --- -;r ?RES Lscrpoir- 3- (15)
slits . - J.: CONDUCTORS 2 (14) .
44 .ORiar (a).
17- NUCLEUS-- 10 .48)

FIGURE 11

_ 0$01UODOOPS 3D ; 7. b9 73
Onlimp CONCEPTS, PATHFINDER MEM: 1

i'4c POWER AND. SCALE ILLUMINATION CONTROL 1 (4)
CONTROL

''-1POrtrg 'Z'OlfrROL 3 ( 5)

ADR EITAIWN 'COArROLS 1 (1)--
,77.t/p../ys -Comm (8)

7-rozIrs'attrAs0 VARIABLE VOLTS DIV CONTROL 4 (9 )

moon SELECTOR CONTROL 1 (12)
ROMONTAL DISPLAY CONTROL 6 (14)

IMMORTAL POSITION CONTROL 10; ( 16)
PORIZONTAL CONTROLS 6 ( 3 ) '

IMPLITUDE CALIBRATOR 1 (11)
ME

moos!? MODE TRIOOER LEVEL AND , stAnzury CONTROLS 5 (13,DIV.

-.,,---?-

`1,"-

- AND VARIABLE TIME"DIV CONTROL

-POSITION CONTROL 8
LEELTrcAt cosrnozo' io ( 2 )

POLARITY .CONTROL 4 (10')

FIGURE 12
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Figures 14 and 15 display the results of Umbrella
on the oscilloscope data. Here again, no k,ubstantial
,clustering is seen, although a small cluster at the top
of the triangle suggests at least'one group Of concepts.
These would be power and scale illumination control,
intensity control, focus control, and presentation con -
trols. As a matter of fact, these are the controls. grouped
together under the.heading presentation Controls'(the
power and scale illimination control was used as the
starting point because it is used to turn the oscilloscope
on, and there was some indication that the structure of
the space related to the order in which the controls were
used in normal operation.)

Figure 16 and 17 display theresults with the semi-
conductor theory data. The figures in general should be
self-explanatory. Two clusters are suggested, both in
the matrix and in One ordered concepts display. The
matrix suggests a fairly good clustering has been achieved.

Figure.18 and 19 show the semi-conductor analyzied
by the Umbrella method, and Figure 20 shows the analysis
using the Umbrella Back and Front combination. Figures
21 through 26 show self-explanatory analyses of the semi-
conductor theory .three dimensional solution. Here again,
the reader may judge for himself about tho adequacy of
the orderings.

8-16



OSCILLOSCOPE 3D '7 9 73
ORDERED CONCEPTS, UMBRELLA, MEM: 0

POWER AND SCALE ILLUMINATION CONTROL 1 (4)1,

INTENSITY CONTROL 2 (6),
3. rocus CONTROL 2 (5)
4. PRESENTATION CONTROLS 4 (1)
5. TRACE 4 (7)
6.' MODE CONTROL .8 (8)
7. TIME DIV op .VARIABLE TIME DIV CONTROL (16)
8. POSITION. CONTROL 3 (11)
9. POLARITY CONTROL 6 (10)

10. VOLTS DIV AND VARIABLE VOLTS DIV CONTROL
11.' AMPLITUDE CALIBRATOR 8 (17)
12. VERTICAL CONTROLS 10 (2)'
13. HORIZONTAL' POSITION. CONTROL 9 (16).
44. TRIGGER MODE TRIGGER LEVEL AND STABILITY CONTROLS
15;. TRIGGER SELECTOR CONTROL 10 (12)
16. HORIZONTAL DISPLAY CONTROL 3 (14)
17.. HORIZONTAL CONTROLS 7 (3)

FIGURE 14

OSCILLOSCOPE 3D 7 9 '73

DISTANCE MATRIX REARRANGED TO SUGGESTED ORDER UMBRELLA MEM: 0
1 12345678901234567
2

3 Re
4 94e
5 oeNe
6

7 :itt;t
8 :+:0144
9 t:otolott
0 :;:0:0:00

;;;0000
2 L.,;,8:0.0,
3 ottItt000tke
4 cseoottsmool:;
5 Aeot:oo;;e1;to,

6 .6;:,;;01.44
7 sy,tstot.:43.41t;

FIGURE '15
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SEMICONDUCTOR THEORY 2D 7 9, 73
ORDERED CONCEPTS, PAVIFINDER, MEM: 2

4

1. EXTRINSIC CRYSTAL STRUCTURE 1 (4),

2. DOPING 2 (6)
3. ,AccEpron IMPURITIES ,4 (3)
4, P TYPE 3 V)
5, HOLE 2,6.)
6. N TYPE 2 (6)'
7, ELECTRON CARRIER 2`(

8. DIFFUSION 4 (13)
9. HOLE CARRIER 6 (8)

10, DONOR IMPURITIES 5 (2)
11. MAJORITY CARRIER 1 (10)
12. MINORITY CARRIER .7 (11)

, 13. REVERSE BIAS 19 (17)
14, FORWARD BIAS 9 (16)
15. ZENER. POINT 5 (i8,)
16. BARRIER WIDTH 5 (16)
17. P N JUNCTION 3:(12)
18. JUNCTION BARRIER 2 (14)

FIGURE 16

SEMICONDUCTOR THEORY 2D 7 9 73

DISTANCE MATRIX REARRANGED TO sucorsrep ORDER PATHFINDER MEM: 2.

1 12345678901234567
2 0
3 44I

4 ON
5 t904*
b oekot,
7 soosso
8 ooeeetsik

9. 000k444o
0 91040k0
1, iwitoteo
2 d:°;1;;1114
3 6.est;;Isst;
4 40:;Ittol:;:4
5 . oe:::;04)000A
6 00 :::;0.1041
7 :;;;;;o:,tek*
8.



SEMICONDUCTOR rnsoNr 2D 7 9 73
ORDERED CONCEPTS, UMBRELLA, NEM 0

1, EXTRINSIC CRYSTAL ,STRUCTURE 1 (4)
2, DOPING '.-1 (5)
3, ACCEPTOR IMPURITIES . (3)
4: P TYPE -2 (7)
5 i ROLE 1 (1)'.
6. DONOR IMPURITIES 2 (2)
7, N TYPE 3 '(6)
8. ELECTRON CARRIER 1 (9)
9. HOLE CARRIER :2 (8)

10. DIFFUSION 4.(11)
1ii MAJORITY CARRIER:. 6 (10)
12, P N jUNCTZ0.9 (12),.
10. JUNCTION.BARRIER 'I,(14)
14, FORWARD BIAS'.:5 (18)
16: BARRIER WIDTH-JL'(15)
16., mrpoNrrx cAnpres,-40 (11)
17. ZENER POINT 9 08)
18. --REVERSE BIAS 4 (17)

SEMICONDUCTOR THEORY 2D
yISTANCE MATRIX REARRANGED
1 12346678901234gA1
2

3 0
4 444
S 444*
6 04044
7 ee4ees
8 0000040
9 9004404
0 ono:N:IOW
1 :ItAlowoei
2 :.;;;°;:toe

3 °°;::;:clt,o
4 6o:wet:oleo
5 00:::,;;00,mbe
6 0:0;;;;1114,.:.
7 0o:::0;;0004044,
8 061...%;41;0

FIGURE 18'

7 9 .73
TO SUGGESTED ORDER. 10NELLA eaki

FIGURE;i9
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IMICONDUCTOR THEORY 2D 7 73
PERED CONCEPTS, UMBRELLA BACK AND FRONT, MEM: 0
1. EXTRINSIC CRYSTAL STRUCTURE 1 (4)

DOPING 2 (5)
ACCEPTOR IMPURITIES 4 (3)
HOLE 4 (1)
DONOR IMPURITIES 3 (2)

P TYPE 4 (7)
N TYPE 2 (6)

HOLE CARRIER 4 (8)
MAJORITY CARRIER 6 (10)

MINORITY CARRIER 3 (11)
ELECTRON CARRIER 10 -(0)

DIFFUSION 4 (13)
REVERSE BIAS 9(17)

P N 'JUNCTION 10 (12)
JUNCTION BARRIER 2 (14)
BARRIER WIDTH 2 (1'5)

FORWARD BIAS 6 (16)
UM POINT 3 (18).

A4.4.

5.

6.

7.
'le8.

/ 9.
j0.
11.
12.
13.

15.
16.
17.
18.

FIGURE 20

SEMICONDUCTOR THE011.; Sb 7 9 73'
ORDERED CONCEPTS, PATHFINDER, MEM: 1

1. EXTRINSIC CRYSTAL STRUCTURE 1 (4)
2. DOPING 3 (5)
3. DONOR IMPURITIES 3 (2),
4. ELECTRON CARRIER 6 9)
5. N TYPE 3 (6)
6. P TYPE 2 (7)
7.. HOLE 1 (1)
8. HOLE CARRIER 2 (8)
9. ACCEPTOR IMPURITIES 5 (3)

10. DIFFUSION 4 (13)
11. P N JUNCTION 5 (12)
12, BARRIER WIDTH 2 (15)
13. JUNCTION BARRIER 3 (14)
14. FORWARD BIAS 6 (1.6)
15. REVERSE BIAS 4 (17)
16. ZENER POINT 4 (18)
17. MAJORITY CARRIER 10 (10)
18. MINORITY CARRIER 3 (11)

rXGURE 21
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SEMICONDUCTOR THEORY 3D 7 9 73
DISTANCE MATRIX REARRANGED TO SUGGESTED ORDER PATHFINDER MEM: 1

12345670901234567
2 k
3 ek
4 oo
5 t;04
6 1;0
7 14100
8 1;1444*
9 Aotts00409

0 10040ooe
tdsettmle

2

3

4 0,01%;;;;e9eo
5 00:11:w000;4
6 ;; t ::104,koke
7

8

FIGURE 22

SEMICONDUCTOR- THEORY - 3D 7- 9 73 -

ORDERED CONCEPTS, UMBRELLA BACK AND FRONT, MEM: 0
1. EXTRINSIC CRYSTAL STRUCTURE 1 (4)
2. DOPING 3 (5)
3. DONOR IMPURITIES 3 (2)
4.' ACCEPTOR IMPURITIES 7 (3)
5. N TYPE :1 (6)
61 HOLE CARRIER 3 (8)

7A MINORITY CARRIER 8 (11)
8t P TYPE 10 (7)
9. ELECTRON CARRIER 4 (9)
10. HOLE 4 (1)
'11. MAJORITY 'CARRIER 7 (10)
12. DIFFUSION 8 (13)
13. JUNCTION BARRIER 7 (14)
14, REVERSE BIAS 9 (17)
15. P N JUNCTION 6 (12)
16. FORWARD BIAS 5 (16)
17. BARRIER WIDTH 4 (15)
18. ZENER POINT 4 (18),

FIGURE 23
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SEMICONDUCTOR THEORY 3D 7 9' 73
DISTANCE mama REARRANGED TO SUGGESTED geom. 000 A BACK AID PRO1V1'
1 12345678901234567
2 4
3 94
4 crot

5 Iltk
6 t;o4
7 stiw
8 1;090:
9 oto4440

110..1.4
1 ;;ItooOte%
2 1;1°NoloNol
3 ,..;;a6;s16;
4 0.):;t;;:tzto;
5 :0011:,;1;0040
6 °60;;;;;;;;e040

0,,;;0,1;lootpo9e
000;;Iotw000Bm

7

8

FIGURE 24

SEMICONDUCTOR THEORY 3D 7 9 73
ORDERED CONCEPTS, PATHFINDER, MEM: 4

1. EXTRINSIC CRYSTAL STRUCTURE /

2. DOPING 3 (5)
3. DONOR IMPURITIES 5 (2)
4. ACCEPTOR IMPURITIES 8 (3)
S. ELECTRON CARRIER 7 (9)
6. n TYPE .7 (6)
7. HOLE 6 (1)
8. P TYPE 4 (7)
9. HOLE CARRIER. 4 (8)

10. DIFFUSION 7 (13)
11. MAJORITv CARRIER 9 (10)
12. MINORITY, CARRIER 10 (11)
13. REVERSE BIAS 10 (17)
14. FORWARD BIAS- 9 (16)
15. ZENER POINT. 10 (18)
16. P N JUNCTION 9 (12)
17. BARRIER WIDTH 5 (15)
18. JUNCTION BARRIER 6 (14)

VIGURE 25
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SEMICONDUCTOR THEORY 3D 7 9. 73
DISTANCE MATRIX REARRANGED TO SUGGEITED ORDER PATHFINDER

12345678901234567
2 4
3 s4
4 eox
5 004'
6 t;014
7 1;040
8 Iwoes
o
9 t;t0440

%;044000
1;119011ot

3 04.:Itts:ot;

5

4 °OglittOloisq
...;;;:110:0e

6 :oottlutoo.oett
444 4

8 1111.;1;:;6111410044

FIGURE. 26
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Final Production of Orders.,

The results described in.the previous section were
obtained with preliminary Inscal spaces and were intended
to provide a basis for selecting a final ordering pro-
cedure for sequences to be used in Pilot Study 3 and in
the main study. Inspection of the orders showed consider -
able Agreement among the alternative methods, with
Pathfinder having a slight superiority in the opinion
of our experts. The Umbrella Back and Front method,
while also oPpable of producing good orders, required
more parameters: an end point, as well as a start, and
a set of arbitrary weights governing the combining of
the two orders produced by Umbrella. In view of these
considerations, we decided to use Pathfinder excluSively
for producing the final orders. A value of MEM = 3
was selected as a standard setting for this parameter.

Pathfinder was modified to allow the use of an
alternative ordering principle, the non-proximal rule.
Under the non- proximal rule, Pathfinder ch ',oses at each
step the most distant concept instead of the nearest one.
OtherwiseER operation of Pathfinder is unchanged. The
non-proximal rule is, in a sense, the antithesis of the
original Pathfinder process and was included to provide
sequences which would contrast sharply with the results
of t..re standard ,Pathfinder.

In connection with Pilot Study .3 and with prepara-
tions for the main study, new Inscal analyses were
prepared for the Oscilloscope package and for the' Charac-
teristics of Matter package. (These analyses are described
elsewhere LT this report.) To provide order for Pilot
Study 3, the two dimensional solution for the Character-
istics of Matter package was used with Pathfinder to obtain
MirWrail-rMET7 These provided systematic manipulation
of the sequence of presentation variable. The orders
are given in Figures 27 - 29, along with the corresponding
distance matrix:

1. Figure 27: Pathfinder set to normal operation,
starting with the concept matter (the starting concept in
the Air Force materials.)

2. Figure s Pathfinder set to the non-proximal
rule, starting wi

Oth,matter.

3. Figure 29: Pathfinder set to normal operation,
starting with the concept conductors (the logical
conclusion of the instructional unit).

B-24



CRARACTERISTIOSOF:iMATTER 2D 8-, 27: 73
ORDERED CONCEPTS PATHFINDERWSM: 3

1.
2$
3.
4.
5.
6.
7.
8.

9.
16.
11..
12.
.13.
14.
.15.
16.
17.

MATTER '1 (1)
HLEANT 2' (2)
COMPOUND 1 (3)

MOLECULE.., (6)
ATOM 4, (4)

,

IONIC-AND comssr BONDS
VALENCE 2 (13)
ION ' 2 (5)
BOUND ELECTRON 2 (17)
SHELLS 2 (11)
ELECTRON

'MITE° STATE 3 (19)
ORBIT :3 (9)

FREE ELECTRON:.- (15)
. BANDS 1 (10

CONDUCTORS: 2 .(14)
NUCLEUS 10 (8)

CHARACTERISTICS OF MATTER 20 8 27: 73',
AZSIIANOSS-RAIMANGBaTO S-q0GESTED ORDER--P*TaTTNDIP

1 12345678901234567
2 ,41

3 e
4 904.
5' tote
6 41111

*;;;%1*
orOtets,

9 00:10ek
0 toeets)
1 0::Itosetv
2 .000094,4e
3 .110'1;10044e
4 .000:eeeti6o41
5 01.0000040041
6 0::oeeoetto;44
7 0000ioso;..

FIGURE 27
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CNARACTERISTICS 01PMATTER- RONPROXIMAi. 20 8 27 73
ORDERED CONCEPTS PATMPINDER MEM* 3

MATTER 1 (1)
2. EXCITED,STATE 10 (10)

NUOLVU3 9 (8)
4. CONDUCTORS 10 (14)
5.. COMPOUND' 7 (3)

.a.: 0R3IT 9 (8)
'ATOM 6 (4)

a. 3A3DS '0 (16)
simor a (2)

10. PRE S ELECTRON 8 (1S)
11. MOLECULE 8:00.
12'. sasiLa 7 _tt0'
13. IONIC AND COVALENT BONDS '4 (1:2)
14. BOUND-ELECTRON. 4'(17)
is. ELECTRON 2 (7)
16. VALENCS 3 0.3)-
17: zoo 2 (0

03ARACTERISTICS OP MATTER- NON-PROXIMA& .20, 8 27 ./3 '

DISTAUCE3 REARRANGED TO SUGGESTED ORDER .PATBPINDER. MEMt

1 12345678301234567
2

3

4 ,o,

5 06,t
6 1)11
7 tiot;
8 .4.40t:
9 keols000.
0 .409°1:00

00:044,0041
2 ,411,04te:o:
3 110,01;016t0
4 000000;4°4:4o
5 09;10010:0;004
6 eee.0100;e4pee
7 otsotete:e;0e4424

r/GURE 28
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CHARACTERISTICS OP MATTER 2D 8 27 73
ORDERED CONCSPTS PATHFINDER USH: 3

1. CONDUCTORS 1$(14)
2. 3AdDS 3 (16)
3. . PRSS suorsos 1 (16)
4. SXCITSD STATE 2 (10)
5. SOUND ELECTRON 2 (17)
6., SHSLZS 2 (11)
7. ION . 1-(5)
8. SUMMON 1 (7)
9.. ORBIT-4*(9)

10. FALNICE 6 (4 0......'.
it.

. IONIO.AND COVALENT BONDS (12)
i2. ATOM 7 (.4).

13. . MOL.TOUZR, 4 (6)
14., =MATT 2 (2)-
15. - COMPOUND 1 (3)
16. MATTER -4 (1)
17. NUOLRUS 10 COI,'

CHARACTERISTICS OP MATTER 2D 8 27 73
DISTANCES REARRANGED TO SUGGESTED ORDER PATHFINDER MXMI 3

1 12345678901234567
2
3 4.
4 04
5 ON.
6 tee414
7 oe6444*
8 looe44po
9 wiee4s4
0 etaaeootilet

t ess000so
2 otwitttil;
3 le::41,0;141
14 :*00.:$1;to
5 :00**1::,;t14
6 ,...,000.*:te48

riGURE 29
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tigute 30i. Pathfinder net to normal Operation,

starting with the Contopt-elettton (the key concept,-

linking matter with tOnduotok)4,:

1mAdaition to these orders,of W41.04'WCrwill be

retained for the main study, two analogous ordereAFigureS

31, 32) Were produced for the'MAinstudy from the new
apace obtained for the Oscilloscope package...; These were

:flproduced` as follows:

1. :Figure 31: Pathfinder. seCtOnormal Operation,
starting with the concept' tate. 'Trace waSphteen as
the starting point becaUserrieeM7075ittoMpatable to :
electron in terms ofite place and logicalrelation":in:
the Instructional unite the sequence starting with electron'
was.-thosere.asone of the sequences for the tharettetfitits-

(:)f Matter "unit.

2. Figute 32: Pathfinder operating under, the:
non-proxiMal-ruleo-otarting-with the concept presentation
controls. ,Presentation controls was the -starting'concept

in the original Air-Force Otdering.

The computer printoute-in-FigumsAM-02.,=ahuthe
self- 'explanito*y and no comment on them seems to be

necessary. Documentation On Pathfinder and associated
programs will be provided in the final report.
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CHARACTERISTICS OF MATTER 2D 8 27 73'

ORDERSD CONCEPTS PATHFINDER MSM: 3

1, ELECTRON 1 (7)
2. SHELLS 1 (11)
3. ION 1 (5)
4. BOUND ELECTRON '< (17)
5.' EXCITED STATE 2 (10)
6. FREE ELECTRON 2 (15)
7.. BANDS 1 (16)
0. CONDUCTORS 3 (14)
9. VALENCE 3 (13)

10. IONIC AND COVALENT BONRS 2 (12)
11. 'Nun, 7 (9)
12, ATOM 7 (4)
13. MOLECULE 4 (6)
14. ELEMENT 2 (2)
.15. COMPOUND' 1 (3)
16. MATTER '4 (1)
17. NUCLEUS 10 (8)

CHARACTERISTICS OF MATTER 2D 8 27 73
DISTANCES REARRANGED TO SUGGESTED ORDER PATHFINDER MEM; 3

1 1234567890i234567
2

3 00
4 444
5 044*
6 oeelo
7 oeekesp
8 ttoeolsol

9 eivileeeee

0 00000e900
1 40eettm
2 1111::10t1;
3 ;:;:0001;t09
4 ::10000:;10o
5 :::00001;t04
6 00 ..... 01.te4e
7

FIGURE 30
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OSCILLOSCOPE 2D 8 27 73
ORDERED CONCEPTS PATHFINDER MEM: 3

1. TRACE 1 (7)
2. FOCUS CONTROL 6 (5)
3. PMENTATION CONTROLS 5 (1)
4. INTENSITY CONTROL 3 (6)
5. POWER AND SCALE 3 (4)
6. MODE CONTROL 10 (6)
7. POLARITY CONTROL 5 (10)
8. VERTICAL CONTROLS 3 (2)
9. TRIGGER SELECTOR CONTROL 10 (12)

10. VOLTS DIV VARIABLE VOLTS DIV 2 (8)
11. POSITION CONTROL 6 (11)
12. TRIGGER MODE LEVEL AND STABILITY 2 (13)

HORIZONTAL POSITION CONTROL 2 (16)
14. HORIZONTAL DISPLAY CONTROL 2 (14)
15. TIME DIV VARIABLE TIME DIV 5 (15)
16. HORIZONTAL CONTROLS 10 (3)
17. AMPLITUDE CALIBRATOR 8 (17)

T

OSCILLOSCOPE 2D 8 27 73
DISTANCES REARRANGED TO SUGGESTED ORDER PATHFINDER MEM: 3

1 12345678901234567
2

3

4 °es
5, teas
6 0:%to
7

8 ..00:e*
9 oel::eoo
0 00::olle
1 ;:tgo;;e4
2 ...t..431040
3 :0110;:see4s
4 :0:00;:00384019
5 1;11;1 ::00mok4
6 0..,..;10e0e0
7 1:;:00..;;0901900

FIGURE 31
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04086is. 44)OgNAL 2D 8 27 3

PCIOD'OPIMSP't #44WODPRIeN1 3

, 1 (1)
POR210NTAZ; sCONTROLS , (3)

VNRTZCA,a042A,O$ :to (4)
Foos '9;6)

kifAWf. SOALS.:', 4 ( 4 )

AMPA #014 !ORATOR 0 (17)

"LAV4f °VI.() (10)
'TOROS

OABLE VOLTS plif 8 (g)

ONTROL :7:(6)
p PAY CONTROL % '8 ,(14)

(0);%, 4, 1

4L:ICSITION CONTROL 6 ( 16 )

, ,4174:40$ ,S.NZSCrOP CONTROL. ' 3 ( 12 )

p' VARIABLE tIMBiDIV 4 (15)
-2,2,0/1 Mit,ROL 2 111 )!

0.0 NODE":ZEVIZ ANDSTABILITY 1 (13)

ZOAOOPS NG -PROXIMAL 2D 27 73

$ AWAN#400D TO SUGGESTED GRD101 PATHFINDER HEM:

3445670)0234567



ANNEX C

A Sample of "Subject" Information Structures:
Instructions and. Test Materials (Characteristics of Matter)



INSTRUCTIONS t RELATEDNESS JU DGMENTS

Name Group
Score

,If you were going td tell someone .aboUt'what you'

have just learned, yOu would perhaps- choose some key

Concepts from.the material and describe how they were

;Siated'tO,OneanOther. In order to coMMunicatet1.48
very well you would have to know Which'keYOOnCepts
were strongly relatedand. whichHwerenot

We are interested in testing how well you, would
be able to describe this material to someonerelse.
order to .find this out we would like to'see how well you,
can judge the :strength' or ddgkee of relationship
between pairs of key concepts on a scale from 1-10.
If you feel a particular pair,of concepts should be
strongly related in desCribing the material to another
person you should place a high number (ClOse to 100)
in the blank next to the pair. If the concepts are
moderately related then a number close to 50 should
be appropriate a44, Our answer.

In order to familiarize you with the set'of concepts,
we would like you to study 'the attached list'for, approxi-
mately two minutes. To aid in your judgments, it is

sometimes useful to mentally select the two concepts.or
terms you feel are most related and assign a rating'of
100 to that pair. Then, select the two concepts which
are least related and assign a rating of 1 to that pair.
This setting of extremes will help make your judgments
more accurate and consistent.

You are now ready to begin making your judgments
On a.scale from 1 to 100. Remember, assign a,high
number'to concepts that should be highly related .in

describing this to another person and a low nuMber to
concepts that should be treated primarily 'separately,
and numbers in between to reflect different degrees'
of relatedness.

4
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CHARACTERISTICS OF MATTER
1. MATTER
2. ELEMENT
3. conpounn
4. ATOM
5. ION
6. MOLECULE
7. ELECTRON
8. numus
9. ORBIT
10. EXCITED STATE
11. SHELLS
12. IONIC AND COVALENT BONDS
13. VALENCE
14. CONDUCTORS. SEMI-CONDUCTORS, AND INSULATORS
15. FREE ELECTRON
16. BANDS (VALENCE. CONDUCTION; AND FORBIDDEN)
17. BOUND ELECTRON.

PRINTOUT: ENTER 1 OR OTHER START ITEM
0:

1.

at*.



ANNEX D.

A Sample of the Pictorial (Visual) and Verbal Multiple Choice.
Tests: Instructions and Material (Characteristics

of Matter)

/

D-1



INSTRUCTIONS

VISUAL MULTIPLE CHOICE

Name Group
Score

This is a test to determine how well you learned the

study material. The pictures on each page represent a

question. 'Study the pictures and circle the best answer

to the question. Answer all questions. If you do not

know the answer - guess.

D-2



1.

2.

3.

CHARACTERISTICS OF MATTER

a. free electron
b. ionic bond
c. excited state
d. covalent bond

matter/

a. has mass and occupies space
b. is an element
c. is the smallest particle of an element
d. is an atom that has acquired a positive charge

shared electrons

Valence -1

a. gain one electron in a chemical reaction
b. lose one electron in a chemical reaction
c. not combine with other elements
d. combine only with inert elements

D-3



5.

6.

7.

a. free electron
b, ionic bond
cAexcited state
0. covalent bond

Valence
Band

a. electrons
b. electrons
c. electrons
d. electrons

Forbidden

Band

electron exchange

Conduction

Band

are bound to the parent atom

are free to conduct an- electric current

are not permitted
become ionized

a. nucleus
b. ion
c. molecule
d. element

a combination of two or more atoms

a. conductors
b. semiconductors,
c. insulators
A. inert elements D-4



8.

9.

to.

11.

Valence
Band

a. electrons
b. electrons
c. electrons
d. electrons

Forbidden Conduction

Band Band

are bound to the parent atom
are free to conduct an electric current
are not permitted
become ionized

Valence +1

a. gain one electron .41' a chemical reaction
b. lose one electron in a chemical reaction
c. not combine with other atoms
d. combine only with inert elements

a. mixture
b. atom
c. element
d. molecules

a.

a. free electron
b. ionic bond
c. excited state
d. covalent bond

smallest part of a compound

D-5



aArvalence electron
b. bound electron
C. planetary electron
d. free electron

13.

Valence
Band

a. valence electrons
b. bound electrons
c. planetary electrons ,

d. free electrons

Forbidden
Band

atom

Conduction
Band

a. the smallest particle of matter
b. a chemical combination of two or more elements

c. a combination of two or more molecules

d. the result of mechanically combining two or more e

11 cannnot be decomposed into simpl

a. compound
b. atom
c. element
d. molecule

substances

At'



16.

17,

18.

19.

orbit jump

a. heat energy
b. collision with a photon
c. electrical pressure
d. all of the above

a. protons
b. electrons
c. free elqtrons
d. ions

a. conductors
b. semiconductors
c. insulators
d. inert elements

EIV

v......,4 Extra electron

a. combination of two or more atoms
b. free electrons
c. nucleus
d. ion

D-7



22.

23.

Valence
Barid

a. electrons
b. electrons
c. electrons
d. electrons

Forbidden
Band

Conduction
Band

are bound to the parent atom
are free to conduct an electric current
are not perrhitted
become ionized

a. near
b. A
c. K
d. short

shell name?

a. conductOrs
b. semiconductors
c. insulators
d. inert elements

a. protons
b. electrons
c: free electrons
d..ions D-8



Name

INSTRUCTIONS

VERBAL MULTIPLE CHOICE

core

This is a test to determine how well you learned

the study material. Read the question and circle

best answer to the question. Answer all questions.

you do not know the, answer -- guess.

D-9



Characteristics of Matter

1. Silicon and germanium are examples of:

A. conductors
B. semiconductors
C. insulators
D. inert elements

2. An atom with a valence of -1 will normally:

A. gain one electron in a chemical.reaction
B. lose one electron in a chemical reaction
C. not combine with other elements
D. combine only with inert elements

-3. An atom that has acquired an electrical charge is a/an:

A. combination of two or more atoms
B. free electron
C. nucleus
8. ion

4. Glass, rubber, and sulpher are examples of:

A. conductors
B. semiconductors
C. insulators
D. inert elements

5. Matter:

A. has mass and occupies space
B. is an element
C. is the smallest particle of an element
D. is an atpm that has acquired a positive. charge

6. When atoms share valence electrons they are held together
by a/an:

A. free electron
B. ionic bond
C. excited state
D. covalent bond

D-10



7. The smallest part 'of a compound is known as a/an:

A. mixture
B. atom
C. element
D. molecule

8. Tin, gold, and silver are examples of:

A. conductors
B. semiconductors
C. insulators
D. inert elements

9. The shell closest to the nucleus is called the shell

10.An atom is:

A. near
B. A
C. K
D. Short

A. The smallest particle of matter
B. a chemical combination of two or more elements
C. a combination of two or :pore molecules
D. The result of mechanirally combining two

or more elements

11.Electrons residing in the lower energy band of the valence
band are known as:

A. Valence electrons
B. bound electrons
C. Planetary electrons
D. free electrons

12.An atom may jump an orbit dOe to :

A. heat energy
B. collision with a photon
C. electrical presure
D. all of the above

13.When the atoms exchange electrons they are held together
by a/an:

A. free electron
B. ionic bond
C. excited state
D. covalent bond

D-11



14. In the conduction bands

A. electrons are bound to the parent atom
B. electrons are free to conduct electric

current
C. electrons are not permitted
D. electrons become ionized

15. The particles orbiting the nucleu-s of an atom are called:

A. protons
B. electrons
C. free electrons
D. ions

16. Electrons removed from the influence of the parent atom
are known as:

A. valence electrons
B. bound electrons
C. planetary electrons
D._ free electrons

17. A combination of two or more atoms is a/an:

A. nucleus
B. ion
C. molecule
D. element

18. An atom with ,a valence of +1 will normally:

A. gain one electron in a chemical reaction
B. lose one electron in a chemical reaction
C. not combine with other atoms
D. combine only with inert elements

19. In the lower energy level band of the valence band of
an atom:

A. electrons are bound to the parent atom
B. electrons are free Co conduct electric.

current
C. electrons are not permitted
D. electrons become ionized

20. A substance that cannot be decomposed into simpler
substances is a/an:

A. compound
B. atom
C. element
D. molecule

D-12



21. The nucleus of an atom contains:

A. protons
B. electrons
C. free electrons
D. ions

22. In the forbidden band:

A. electrons are bound to the parent atom
B. electrons are free to conduct electric
C. electrons are not permitted
D. electrons become ionized

23. An atom which has jumped orbits is said to be:

A. a free electron
B. in an ionic bond
C. in an excited state
D. in a covalent bond

D-13
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ANNEX E

An Example (Characteristics of Matter) of the
Standard Cloze and Concept Cloze Techniques:

instructions and Test Material

E-1



Name

CHARACTERISTICS OF MATTER

Group
Score

This test consists of the same text material pre-
sented previously. A number of.words have been taken
out of each passage and in place of each word you will
find a space containing a letter. The words omitted
were concepts considered important to the understanding
of the characteristics of matter. The letters which now
appear in the text correspond to one of the concepts
listed below. Your task is to find out which letter
goes with each concept. When you know the answer, fill
in the letter beside the concept. There is only one
letter for each concept. Fill in all the spaces beside
teh concepts.

CONCEPT

Matter Conductors

element Semiconductors

Compound Insulators

Atom Free Electron

Ion Valence IsaAd or Valence Shell

Molecule Conduction Band or Conduction
Shell

Electron Forbidden Band

Nucleus Bound Electron

Orbit

Excited State

Shells

Ionic Bonds

Covalent Bonds

Valence or Electrovalence

E -2



and 1E
imago 0

CHARACTERISTICS OF MATTER

CONCEPT CLOZE

is most often defined as "anything that has mass
pace". It is relatively easy to form a mental

some Object as it occupies space.

With exception of the Greeks, ancient man had little
interest in the structure of materials. He accepted a solid
to be just that - a continuous uninterrupted substance. Some
of the Greeks thought.that if a person began to subdivide a
piece of material such as.copper, he could do so indefinitely.
It was among; these people that the idea of continuous
was fostered. Others reasoned that there must be a 1 mit to
the number of subdivisions that one could make and still retain
the original characteristics of the material being subdivided,
They held fast to the idea that there must be a basic part-
icle upon which all substances are built. Both of these argu-
ments were equally valid at that time, for there was still no
means available to determine wh;ch faction was correct. Mankind
did not question this until the nineteenth century.

It was not until
concerning the nature
that all . C is
tructible particles.

Composition of

1805 that John Dalton proposed his theories
and behavior of C . He proposed
composed of invisfble, solid, indes-

As previously stated, the efforts of the Greeks to sub-
divide a simple material were unsuccessful because of their
limited technology. It was near the middle of the seventeenth
century that Robert Boyle phrases the first definition of an
"elemental substance." He stated that an S is a substance
that cannot be decomposed into similar substances. There are,
at the time of this writing, one hundred two known S with
the possibility of discovery of many more. They range from
abundant S such as silicon, carbon and oxygen to rare S
such as lanthanum, samarium and tuletium which are extremely
hard to process. During World War II many S were synthe-
sized (man-made). The names of the man-made S are interes-
ting because in many cases they indicate their or[gin by their
names. S such as americium, californium and berklium are
examplesa S of this type.

Although many substances are composed of a single S

a far greater number of substances are composed of a combination
of different S . When two or more S are chemically
combined, they form 0 . A common example of a 0 would
be a substance such as water, which is composed -a-the
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S hydrogen and the S oxygen.

As S such as hydrogen and oxygen are chemically
coubined to form a 0 they lose their individual
identity. A most vrila-girr;ation of this fact can .be noted
when visualizing white crystalifie auger. This 0 consists
of the black, solid S carbon, and two colorless gaseous

S , oxygen anThydrogen. Thousands of 0 are
known, each of which possesses definite chemical'and Ohysical
properties that enable it to be distinguishable form other

0 The almost limitless conbinations of. S to
form 07 has led to the discovery of the many Substances'
which have become a part of our daily lives. A few common
examples of_ 0 are: salt, wood, and limestone.

The discovery of the many substances that have become a
part of our liVes would.not.have been possible without a great
deal of study of the S . Since the S are the
fundamental substance-Tiriar''c the7T6Wrofight of

.

any new product must be basea7151i7ERZWledge of these'sUbstanceS.
The 5 cannot be decomposed into a simpler substances
therefore, the dissimilarity between them can only be explained.
by assuming each S .. to consist of basic particles. This
basic particle is cafied an 'F . '. While the F
of a given s are simairi the V of different

S WIrraPirdifferent Characterisilcs

An' F is defined as the smallest particle of an ...
Tr."-Ehat retains all of the properties of the S .

k'he forMing is Dalton's conception of the.,E..........:

a. All.materials are composed of minute indettructibel
particles called F .

b. The F is the smallest component part of an
-, s that enters into a chemicalreaction.

c. All F of a given S are exactly the same
in weight, shape and size.

The F is the smallest part of an that
enters into a chemical change, but it does so in 41e form.of a
charged particle. These charged pelrticles are called

41 ,

and they are of two typesPOSITIVE and NEGATIVE. A positive
j may be defined as an p ttaA4has become

positively charged. A negative J may be defined as
an F,_ that has become negatively One of the
properties of charged 3 is that ,7 4k:'of the.same
charge tend to repel one another, whereas of unlike
charge will attract one another. The term chii7E-His been used
loosely. At present, charge will be taken to mean a quantity
of electricity which can be one of two kinds, positive or neg-
ative.

The combination of two or more F to form the smallest
part of a 0 comprises a structure known as a IL
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For example, when the 0 water is formed, two F
of hydrogen and one .F or oxygen combine to form a

K of water., A single is very 'small and is
not visible to the naed ye. T ere ore, a few drops of
water may contain as many as a million . A single

K is the smallest particle into which the 0 can
be broken down and still e the same substance. 61766trg-Tast

K of a 0 is divided into
no longer exists.

Once the basic parts of .the F are known, an
attempt can be made to construct a suitable atomic model. This
model must accurately represent and be compatible with all of
the facts known at the time the model is constructed. Dalton
viewed the .F as a small indestructible sphere having
the'ability to become firmly attached to other atomic spheres.
Later and more advanced experimentation proved that tiny charged
particles could be removed from inside the F . As a
result, Dalton's model could no longer be Faired satisfactory.

Thompson advanced the theory that F must have a
structure since a fundamental particle must be extracted from
them. He envisioned the F as being a sphere in which
were contained a-sufficient number of positive and negative
charges to make the overall charge of the r_ neutral.
Thompson's idea that the positive and negative chirges were
evenly distributed throughout a sphere was disproved in an
experiment conducted by Sir Ernest Rutherford.

In this experiment, a narrow beam of alpha particles
(positive double charged helium . j ) was obtained from
a sample of radium and directerEMERTOT7iramall hole in read
block toward a thin sheet of gold foil. If the F
wore constructed as Thompson visualized, the positive alpha.
particles should have had their pathi deflected by small amounts
due to the positive charge distributed evenly through the

P .The results were hardly what was expected. Ruther-
TOENMind that most of the alpha particles went right through
the gold foil without being deflected at all. The remaining
particles received large amounts of deflection, some as high
as 160 °. This could only be explained by-assuming that all of
the positive charge in the F vas concentrated in
one area away from the negative charge. Any alpha particle
coming close to this center of charge would beseverly de-
flected, while one passing some distance away would go through
the foil'undeflected.

F , the substance

From the results of Rutherford's experiments, emerged our
present concept of the structure of the F . The F
is now believed to consist of a group os positive and neutral
particles (protons and Neutrons) called the E 1 surrounded
by one or more negative orbital -IC . Thii-E-Eapt. of the. F
can be likened to our solar syst47717which the sun is the
massive central body, and the planets revolve in :All at
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discrete distances from the sun. The J5 ,whirl about
the nucleus of the F much as the planets whirl abou
the sun. In both the solar system and the F practically
all the C in the system is contained within the
central body.

Excluding particles such as mesons and neutrinos, which
are of little importance to electronics, the 'E of an

F is made up of heavy particles called PROTONS and
NEUTRONS. The proton is a tiny charged particle containing.
the smallest known unit of positive electricity. The
neutron has no electrical charge;

In the lighter S the E contains approxi-
mately one neutron for each proton while .firthe heavier
there is a tendency for the neutrons to outnumber the protons.
The E of the helium F .. consists of two protOns
and two neutrons. In contrast, an F of mercury has
eighty protons and one hundred twenty neutrons in its

The mass of a proton and a neutron ill very nearly the same
and is equal to approximately 1.67 x 10-" gram. This mass is
About 1845 times as great as the mass determined for the

M

To obtain some idea of the relative dimensions of a typical',
F assume the"' F to be expanded in size until

ramait diameter is equal to twice the length of.a football
field. The .E , positioned in the center,, would appear
as a sphere having a diameter equal to that of a penny! This
example vividly illustrates the vast emptiness which exists
within the F . One can now readily see why most of
Rutherford's alpha particles streamed through the thin gold
foil with little or no deflection.

Surrounding the positive E of a typical F
is a cloud of negative charge made up of planetary M .

Each of these M contains one unit of negative electricity
equal in amount to the unit of positive electricity, contained
in the proton.

In the normal F , the number of M in this cloud
is exactly equal to the number of protons in the nucleus. The
net charge of a normal P is therefore zero, since the
equal and opposite effects 677THe positive and negative charges
balance one another.

If an external force is applied to an F , one or
more of the outermost M may be removed. This is possible
because the outer M are not attracted as strongly to the
postive E as are fHe inner M .
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When F combine to form an elemental substance, the
outer M P will interact with the outer M of
neighbor i F tr157111 bonds between the F These atomic
bonds constitute binding force which holds all C to-
gether. When bonding occurs in some substances, eabl----F
retains its full complement of"'M . In other substances,
one or more outer M will be7-47iiied.or lost as a result
of bonding. As iharFaTed by the above statements, the M
configuration of the F is of great importance. The
chemical and electrical properties of a material are almost
wholly dependent upon the"'M arrangement within its"'F .

As might be expected, the E is well shielded by the
M cloud and does not enter:PMchemical or electrical

processes. To disrupt theE of an''D requires a vast
amount of energy such as is released by ea "F' in the.
explosion of an atomic bomb.

The total energy contained by the M (kinetic plus
potential) is the factor which determiaartre radius of the

B . In order for the M to remain in this B
Tririarnither gain nor lose energy.

Light energy exists in tiny packets or bundles of energy
called photons. Each photon contains a definite amount of
energy depending on the color (wavelength) of light it re-
presents. Should a photon of sufficient energy collide with
the orbital hydrogen M , the M will absorb the protons
energy. The M whit ZE-Tiow has a greater than normal amount
of energy will--TUYip to a new B farther from the E .

The first new B to which the M can jump has i-Waius
four times as large as the radius of the original B .

Had the M received a greater amount of energy, the
next possible B to which it could jump would have a radius
nine times the original. Thus, each B may be considered
to represent one of a large number of energy levels that the
M may attain. It must be emphasized that the M cannot

NEIFto just any B . The" 'M will remain in TEW-TOwest
B until a sufficient amount of energy is available, at

uViCag time the M will accept the energy and jump to one
of a series of PERMISSIBLE B . An 'M cannot exist
in the spaces between permissible B or energy levels. This
indicates that the "M will not accept a photon of energy 1

unless it contains enough energy to elevate the" "M to one
of the allowed energy leVels. Heat energy and cailions.
with other particles can also cause the M to jump' 'B .

Once the M has been elevated to any energy level
higher than the lowest possible energy level, the 'F
is said to be in an N .
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The M will not remain in this excited condition for
more than-i-rFaction of a second before it will radiate the
excess energy and return to a lower energy B . To illus-
trate this principle assume that a normal 171---has just re-
ceived a photon of energy sufficient to rariert from the first
to the third energy level. In a short period of time tha
M may jump back to the first level emitting a new photon

Identical to the one it received.

A second alternative would be for the M to return
to the lower level in two jumps; from the tHird-to the second,
and then from the second to the first. In this case the
M would emit two photons, one for each jump. Each of these
OTUhs would have less energy than the original photon which

excited the: M and would represent a longer wavelength
of light.

This principle is used in the flourascent light where
ultraviolet light photons, which are not visible to the human
eye, bombard a phosphor coating on the inside of a glass tube.
The phosphor electrons in.returning to their normal' B emit
photons of light that are of a visible wavelength (longer
wavelength). By using the proper chemicals for the phosphor
coating any color of light may be used in lighting up the
screen of a television picture tube.

Although hydrogen has,the simplest of all F the
basic principles just developed apply equally wee to the F
of more complex S . The manner in which the B are iiT--
tablished in an' "-Y-- containing more than one' some-
what complicated-Faris part of a science known"ii-ivantum
mechanics. In an F containing two or more M , the M
interact with each-BEHlir and the exact path of irig-Orie Mis very difficult to predict. However, each' M will-M-
in a specific energy band and the above mentiair"8 will be
considered as an average of the M positions.

The difference between the F insofar as their chemi-
cal activity and stability is concerned, is dependent upon
the number and position of the particles included within the
F . F range from the simplest, the hydrogen F

EareininiZlie proton and one electron, to the very complex
atomic structures such as silver containing forty-seven pro-
tons and forty-seven electrons. How then are these M
positioned within the P. ? 'In general, the M NW&
in groups of B calreir P These' P are elliptically
shaped and are assumed to be located at "MO intervals as
predicted by the Bohr concept. Thus, the P and the number
of M required to fill them, may be predicted. The second
P for example, would contain 8 M when full. In addi-

ita-to being numbered, the P are also given letter designa-
tions. Starting with the T---closest to the E and progressing
outward, the .P are labeled K, L, M, 14, 0, E.7-au Q respectively.
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The P are considered to be full or
contain tEOT011owing quantities,of M .

eight in the L P , eighteen in the M P
dance with the OM-11791°n principle. Beyond
actual number of M required to fill a
experimentally detined.

complete when they
Two in the K P .

, and so in accor-
Zhe'N P , the
P has not been

Progressing awn from the atomic E , the First M
P 'which does not have the full comiraTt'nt of ,11_,_ TR -Mat

Is- is called the I . Even though the inert_ S

(helium,. neon, argonrRiWton, xenon and radon) hafri-full
complement of M in all . P , the,outer. P of these

S is still-COT:red the X . The stabilI1377f an F

171-47eatestwhen the . I -Erin F is occupied by the full
quota of allowable k-7- Hence ,fie`, S lithium has mini-
mum stability while neon has maximum stability.

Electronics and M theory is a very recent science
compared to chemical raelice. The term R was used as a
part of the standard chemical vocabulary long before the

M concept was evoloved.. When the _____m_theory was
tiMirgiEablished, the new term

.13
WW6--Cffidially adopted;

the two terms may be used intercrallieably.

The capaoity of one 4 to combine with another
B-. is indicated by the number of which an

7---rdonates, or accepts, or shares with anotheranother r
to iZOTRO-Ta complete / , and is. called____

The R of an F is expressed in terms of a
number, prefixed by a + or- sign, Indicating how many_x_____
the F gains of loses during a chemical reaction, or
Unsa74510MFEFe number of-electron-pairs shared during.the-Change.
Generally, if the _has more than half of the eight

M to compIaTite 1 , it will tend to complete
its P by removing m from the 1 of
some other F during the process, of forming a ,

The F gaining M are prefixed by a minusg sign.
It.ii710767renerally true that if anL_2_has half of its

x . filled, the .F may act in either direction, that
is it may donate its. M to one type of

F but when combinea with some other y , it may
remove m from the 2ther :F to fill its own /

The ilt numbers are prefixed with either a + or - ..

sign depOrding upon the chemical reaction whiCh takes place. If
the s has less then half of its required R M
it will usually donate. its M to some other F during
the process of forming a 0 and their R number is
prefixed by a plus (+) sign.



Previous discussions have shown that__Epossessing
more than half of their R M generally tend to
fill their I at the expense of other F . Those

th-it16Eat possess half of the M required to
fill .egr- X generally donate their R M
to other F . When chemical bonding is, accomplTh=ecily
an exchange of M between F the, F are said to......----
be held togethWITCal77_D .

Many F reaot chemically, to form a 0 .34 ithout
donating oriaiFErng m ; the differenirtchdre tne

M they have in calia7The sharing of h m
E-TietWeir F is known as electron-pair or, Q .,

It was mentioned previously that J do exist and that they
are P that have assumed a charge. It was stated that there
areITOREIve and negative J . The process whereby an Fes.

acquires a charge will be discussed at this time.

It is possible to drive one or more M out of any of:the,
P surrounding the E . In the darn' incomplete P ,

IrTi7also possible to cause one or more additional M"---76-
become attached to the F . In either case, whetSW-EKETF
loses M or gains, it is said to be IONIZED. F- E'
ionization to take place ETWai must be a transfer of energy
which results in a change in the internal energy of the P .

Thus, ionization is the process by which *01. F loses
or gains M .

An 4, having more than its normal amount of
acquires a negative charge, and is called a NEGATIVE /

The p that gives up some of its normal M is left
with less negative charges than positive chargnat called
a POSITIVE J .

In the study of electronics, the association .of C
and electricity is of paramount importance. Since every electronic
device is constructed of parts made froM ordinary C the
effects of electricity on C must be well underitaa:s As
a means of accomplishing trai7-all'the s of'which C
is made array be placed into one of three categoriAe A

H , and G . A for example, are S such-7
as copper and silver will conduct a flow of-5IVaricity
very readily. Due to their good conducting abilities they are
formed into wire and used whenever it is desired to transfer
elictriodi.enerefrom one point to another.. G (non-conductors)
on, the_other-hand, do not conduct elettripity to.any_great.
degree and therefore used when it is desiiable to prevent a
flow if electricity. S and 0 such as sulphur, rubber,
and glass are goo0 -7Mat-inns such as germanium and
silicon are not good conductors, but cannot be used as G
either, since their electrical characteristics fall betgrl
those of A and G These in-between materials which

.do not make good---K- or good G are classified as .
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It was previously mentioned that by the process of ioni-zation, M could be removed from the influence of the parentF . TRW M , once removed from the R are capableor gEsVing through the material under the inniOice of externalforces. It is by virtue of the movement of these M thatelectrical energy is.transported from place to plait:

The ability of a material such as copper to conduct
electricity must therdfore depend on the number of diBlodgedM normally available within the material. Since copperrri-good A * it must contain vast numbers of dislodged'or

L

To understand how the M becoMe free, it is necessary
to refer back to the M energy leveis within the . F . Itwas previously stated that if precisely the right amBruit7ofenergy was added to an orbital M it would jump to a newB located farther from the If the energy is suffi-ciently large, the jump may carry t5e M to such a distancefrom the positive E that the M 'SgEEMes free. Oncefree, the M coRTIrutes the cEREiW carrier discussed above.The only pro em remairing is to determine how the M inthe piece of copper obtains enough energy to become MT.

After a moments consideration a person realizes that theaverage piece of copper contains some amount of heat energy.In fact, a piece of copper at room temperature (72°F) isapprximately 5316F above absolute zero: This temperature indicatesthat the copper, although only warm to.the touch, must containaconsiderable amount of heat energy. The phonons of heat-energy; along with other forms of natural radiation, elevate theelectrons to the energy levels where'they-chh become free.'
From the preceding theories, one might wonder why allmaterials containing the same amount of heat energy do not'conduct.electricity equally well. The answer lies in the factthat the M in various materials require different amountsof energirrrEecome free. The outer' P has two energy bandscalled the I and the U . Between these two- energy bandsis an energy gap called-7E7e T

M residing.in the I are called W . They areconsiaered.to be firmly.attached to the parent F and arenot available for the conduction of electricity.

In order for an M to become a L . , it must gainenough energy from eiai forces to jump the forbidden gapand appear in the U

Once in the H , the M is free and may be ladeto move along through the A--1E-EiTe form of an electriccurrent.

0 have a very wide energy gap. This means thata large mount of energy must be added to each M: in aninsulating material before'it can become free. :T404 at room
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temperature sufficient energy is not available to cause

to jump to.the U and the material has practically no

L.
The A has little or no forbidden gap. Since this is

true, under normal conditions the U for a A contains

a sufficient number of M to. marrE a good A of elec-

trtcity.

The H. being neither a good A 'or a good

an energyWbetweemthat of a A 7E3 that of an
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INSTRUCTIONS FOR

CLOZE TEST

tr

Name Oroup

Score

This test consists of the.text material used in char4o-

teristics of matter instruction. A humber of words have been

taken out of each passage, and in the place of each word you

will find a space which is underlined. Your task is to fill

in, for each blank space, the precise word which was t4ken

out. In other words,, you are to try to guess exactly what.

words appeared previously in the text and are now. removed.

Your ability to correctly fill in the blanks should reflect

your knowledge of the topic.
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Matter is most often,
mass and occupies space".
to form a mental image of

defined as "anything that has
It relatively easy
some object as it occupies spaCe.

exception of,, the Greeks,,ancient man had
little interest in the structure of materials.
accepted a solid to be just that, a continuous uninterrupted
subStancek Some of the thought that if a per,-

son began to subdivide a plece off'' material such as .

,v

he could de) so indefinitely. It was among these peOgr-7,
that the idea of Matter Was'foetered. Others

reasoned that there must be a!limii.tO the ;.number
subdivisions that; One 'Could make and, still retain .Ehe
original-characteristics of the material divided.
They held fast to the idea.that there must be a' basic.:

particle which all Substancee_are,built.--,)joth
of these arguments were egUally .

for there.wa6,still no mane available'to deterMine:whicb,
faction was correct. Mankind not question th
until the nineteenth .century.

It' was not until 1805 that John pr4o6ed
his theories. concerning the'i,lature and behav16t of matter
He proposed' that 411'. is composed of inviOible;
solid .indestructible. part Iles.

Composition of Matter

44,

As previously, the of the Greeks
to subdivide a simple material were unsuccessful:because-,
of . It was near the middle ot'-
the SeVenteenthcentUtytbat Robert Boyle.phrasos the'

H:100.i.0,4(50 of.'en "elemental substance." He.

Mate t, an HI,H$HNTA.s'a substance that ' he
dedompoeed:intO eimilar,Substances. There,"(a7a7the
':time of this Writingt-040 two known elements
with:the:possibility:of discoverYof many more:- They
range from. _ : elements such as silic0o, carbon
and oxygen to...rareellements such as lanthanuni., samarium.

tuletium which are extremely hard'to proCess'.
During Oorld-Var:'II many elements' were ('man

made).* The narOW0f-:the man-made elements arivinterest-
ing beCa000 in-:manY::-4600 they their origin
by their'nameeleMentestich as ameridrum,-CaliforniUm
and berkliUmare'exaMpled- eleMents of this

Although many substances are'compoSe4
element, a greater number of ,substances
composed.of-a-cotbination:of differen't elements. When

tbey-form,COMPOUNDS. A common example of, .4. CoMpOuOdy



\

be a substance such as water, which is oda-
WarOrthe element hydrogen and element
oxygen.

As elements such as:hydrogen and" oxygen ale cheMi;7.
cally Combined to forM compound, they lose'.
their individual identity. A,most vivid realization of
this.fact,can noted when vilualiiing white
crystaline sugar. his compound consists of the black,
Solid element. ,.and two colorless gaseous ele-
mentti, oxygewancr.hydrogen'. Thousands of CompOUnda are
known, each which poSseskis definite-chemigal
and .1,hysioal properties that:.enable'Atfto be:distinguish'
able from compounds. The almoit liMitless,
comhinations of elements tolOrM compounds has led to:the

of themany substances which have become
part of our daily lives. A common eXampleS
of compounds are: salt, wood,:ancf.liMestone.

The discovery of the many that have
become a part of our lives woularia-FiVi been possibl:-
without great deal of study of the elements.
Since thrW5ginF are the fundamental substance
all matter, the development of any new,produ4 must be
based on a knowledge these substances. The
elements cannot be decomposed intO a simpler substance)
therefore, the dissimilarity them can only be
explained by assuming each element rorZonsist of basic
particles. basic particle is called an ATOM.
While the atForanillven element are , the ,

atoms of different elements will have differeht 8harao-
teristies.

An atom is defined as smallest partirole
of an element that retains all of the properties of the
element. following, is Dalton's conception of
the atoms

a. All materials are composed ofHminUte indestructible
called-atoms,

The atom is the smallest cOmpOneWpart of an
element that enters a-chemical react-
tion, "

All 4toms:of a given element ,are exactly the some,
in - - I '1 shape, and

The atom, is, the

Poi

0.40. -(en:element'that enicixe-
A..ohemi0.4t_ohange,:boes7:00-i,n-the'forM of

,44r104partiole .:.ChargSO4articlea-arerc440d'-
toti§ti(V.theY,0e Of7V417-1WWWP.0;71,VE4IWNEOTIE*.t.

Pcsifive-,i6A'-M410441'46aq01As. an-a011,014040,
become positively Oharged- A ' 'ion,,May he defined
an an -atom that hali,b060a,pegive1y6harge4;4,60 ti

POPert4,40-0. bli40ed
charge tend repel 1- - atiothe*. W0040 --10ne



of unlike charge, will attract one another. The term
charge has used loosely. At present, charge
will be taken to mean a quantity of electricity
can be one of two kinds, positive or negative.

The combination of two or atoms to form
the smallest part of a compound comprises a structure
known as MOLECULE. For example; when the com-
pound water is formed, two atoms of hydrogen and .!

atom of oxygen combine to form a molecule of water. A
single molecule is small and is not visible to
the naked eye. Therefore,:a few drops of 'MAY
contain as many-as a million molecules., A ,single mOlecule,.
is the smallest into which the compound'can
broken down and still be the same eastance.:
the last molecule of a compound is diVided into atoms the
substance no longer

Once the basic parts of the atom ate known, an atteilpt
can be made construct a suitable atomic
This model must ilaately represent and be compatible with

of the facts known ,at the time the model iiLcOn4
Dalton.viewed the : as a small 41140#110

tible sphere having the ability to becomm firmly attached
to other spheres* Later and more_ advanced
mentation provedthat tiny charged particles could .tiopoveV

inside the atom. AeLareSult4 DaltOn's model
cOuicf no longer be considered satisfactory.

Advanced thi-.theory that atoms Must have stt
Structure since a fundamental particle mush'
extracted frOM them. He envisioned theAtOM1404414ng:4
sphere in which were a sufficient number of
positive and negative charges to make the overall charge of

atom neutral. Thompson's idea that the:pOsiti,Ve
and negative charges'were evenly distributed:throughOUt.

sphere.was disproved in'an experiment conducted
by Sir Ernest RUtherford.

In this experiMent, narrow bee= of alpha
particles (positive'doUb1;7MVigrheliUM ions) watoLt
obtained froM a of radium.anddireCted throuo
a small hole in a lead.bloCk toward a sheet of
gold foil. If the atom were constructed aS. Th01110.0n
04404/.01e positive . 'paxo.olea should have had
their paths deflected by small amounts duo to the OPOkiVosi

distributed evenly. through theHatom.': The results
were hardly what was expected. Rutherford found
most of the alpha particles went right through the 'gold ,

foil without being deflected all, The remaining
particles received large amounts of deflection, some as
high'as 180'. .could only be explained by
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assuming that all of the positive Charge in the
was conc,ntrated in one area away from the negative Charge.
Any alpha particle coming . : to tlAticenter of
charge would be.severly deflected, while on passingsome
distance would go through the foil undeflected.

From the results of Rutherford's experiments, emerged,
our concept of the structure of the atom. The
atom is now'believed to consist a group of posi-
tive and neutral particlqs (protons and neutrons) called
the NUCLEUS, surrounded one or more negative
orkital electrons. This concept%of the atom can be likened

our solar system in which the sun is the massive
central body, and the revolve in orbits at dis-
crete distances from the sun. 'Ale electrons whirl about
the of the atom much as the planets whirl about
the sun. In both the systeM and the atom, prac-
tically all the matter in the system is contained within

central body.

Excluding particles such as mesons and neutrinos,
which are of little importance electronics, the
nucleus of an atom is made up of hewv particles called
PROTONS -NEUTRONS. The Proton is atinrcharged
particle containing.the smallest known unit of
electricity.. Theneutron bas no;eleotrical

In the lighter elements, the nucleuscontains
one neutron for each proton while in the heavier elements ,

there is a tendency the neutrons to outnumber the
protons. The nuolauriortn-Felium atom consists of

protons and two neutrons. In contrast, an atom
of mercury hao eighty protons and hundred twenty
neutrons in its nucleus.

The mass of a proton and a' neutron very
nearly the same and is equal to approximately; ETT x 10"44
gram. This mass is 1845 times as great as the
mass determined for the electron.

To obtain some of the relatiVe dimOnsions
of a typical atom, assume the atom to be expanded
size until its outer diameter is equal to twice the iengt6
of a football Thenualeus, positioned in the
center, wculd appear as a sphere having a diameter
to that of a penny! .This 'example vividly illuStratea the, -

vast emptiness which exists the atom. One can
noW raadily see why most of Rutherford's alpha particles
streamed the thin gold foil with little orno
deflection.

Surrounding the positive nucleus of typical
atom is a cloud of negative charge mule,up.of plahetewy
oleet'rOha. Each these eleotrons gontai.na one
un4tpf=negative ef4ott1olty equal 'inamount to the,unit,

positiyo electrioity co04kined in the pro*.
E-11



In the normal atom, the number- of electrons
this oloud is exactly equal to the number of protons the
nucleus. The charge of a normal atom is there-.
fore zero, since the equal and opposite effects
the positive and negative charges balance one. another.

If an external force is applied an atom, one
or more of the outermost electrons may Ie remoVed. This is

because the outer electrons are not attracted
as strongly to the posiitive nuoleua as the 'inner

eleOtrOn4.: y.

When atoms combine ,to form an elementa.1 subitance the
outer electrons one atom, will intertiot. with the

outer electrons '01 neighboring atoms to form bonds
tha atoms. These atomic.borids Constitute the binclin
which holds all matter together. bonding, occurs
in some substances,' each atom retarni11M3.1 complement

. of -electrons. In . aubstancea. one or more. outer`
electrons ,will be. gained or lost a's a result
bonding. A$ indicated by the abo've statements
Configuration. the atom is great. imporariPe.'
The chemical and electrical, pi(7/TiFtre-rOf material= `are
'almost wholly': dependent' the;

Within its :atc00 , ,,,
. . ,

As might be exposited, the nucleus -is . , : =: ' . ''
shielded' by the electron cloud and does. no eltTtTrriii01-.;
chemi0al or electrical processes. ____" ;. disrupt the .

nucleus of an atom requires a vast atidatititif-enekgy-oubh
as ,released by each atom in .the. exploSiOn of
an &tondo, bomb.

'Zile. total energy by the elootrOti (41%840
plus potential) is the factor which determines the ,r4u4iWr
of electron orbit. In order for the electron
to remain in this orbit it must gain nor '1980

energy.
Light energy' exists in tiny packets or bundles' ,of ,

energy photons. Each photon contains a definite
amount of energy depending on the color (wavelength)

light it represents. should a photon of suffix
energy With '..the orbital hydrogeh

the eleCtroWill abt4.orb the photons energy.-.' The electron
. which- now greater. noimal -amount Of energy_
will jump to a new orbit' arth rTrom_ the nucleus ,

first new orbit to which the eliation Can lump,
-has, a ra4ius Our times large :a4,thkradiug ,of
the original orbit. ,



Had -the electron received a greater. of

energy,. the next possible orbit'to which it could jump

would have a nine 'times the'original. Thus,

each orbit-may be cOaTdered to represent one of

large number of energy levels that the electron may :attain.

It must-be emphasized the electron cannot jump
to just-any.OREIT. The electron will:remain in its
.orbit until.a sufficient amount of energy 'is available, at

Which time the :electron' accept theenergy and
jump to one of a series of PgAMIS$XOLE orbita
cannot exist in the space between-permissible orbits or
.energy levels. -.This indicates that electron
will not-accept a photon'of energy unntiiirrLtdontains--
enough .energy'to the ales:Aron to one of the:

alloWed energy levels. Heat energy and collisions with:
particles can-also cause the electron-to lump'

orbits.

Once the electron has been to any energy
level higher than the lowest possible energy level, the atom
is to be in an EXCITED state.

The electron will not remain in this excited
tor more than a fraction of a second. before it,will-TOTWEW7
the excess and return to a lower energy orbit.
To illustrate this principle assume thatA- -elec

troll hag 'just received a photon of energy sufficient
raise .4.t from the to the_ third energy level:';nj:
a short period of time theelectron rmay
the first level emitting a new photon identiCal,t6t4i one

it
A Recond alternative would be for the eleotron to

return to the lower level two jump), from rho
third to the second, and, then from the second to
first. In this cage the e.lectron would emit two gotops,-
one for each jump. of these photons would .have
leSe energy than the original photon. which excited 'the

and would represent a longer Wavelength of light.

This principle is used in the light Where
ultraviolet light photons, which are not visible to the
human eye, bombard phosphor coating on the inside
of a glass tube. The phosphor electrons in returning

their normal orbits emit photons of light that
are 0-17-41sible wavelength- longer ) . By using
the proper chemicals for the phosphor coating any color-of
light may used in lighting up the :torten of a
tele'vision picture tube

Although hydrogen has simple-1A, of -all atoms,

the basic principles just developed apply .equally. well to

the of more complex elements. The manne.r;in
whichthibits are established in an containitm ;



more than one electron,is somewhat complicated anis part.
of a science as quantum mechanica. . In an atom
containing twiraKairelectrons, the electrons interact

each other and the exact path of any one elec-

tron is very difficult to However, each elec-
tron will lie in a speoifirand and the above

mentioned will be considered as an average of
the electrons positions.

The'difference between the , insofar as
their chemical activity and stability is concerned, is
dependent upon the number position of the par-
ticles included within the atom. Atoms range from the
simplest, the atom containing one proton and
one electron, to the very complex atomic structures such

silver, containing forty-seven protons and forty-

seven electrons. How then are these elections positioned
within atom/ In general,-the electrons reside
in grouigraniaTiS called shells.. These shells
elliptically shaped and are assumed to be.located'irMia-'
intervals as predicted by Bohr concept. Thus,
the shells and the number of

,

electrOns required to fill

them, be predicted. The second shell fot. example,
would contain-Uelectrons when full. In , to being
numbered, the shells are also given letter 4eelgnAtiO40.-
Starting with the shell to the nuolePs aincEpth"
greasing outward, the'shesTis are labeled K, L, M, N,

13, and Q.respeatively.

The shells are considered to be full or complete when
contain the following guantitie0 of electrons. ,

Two In the K shell, eight in the shell, eig4een
in the M shell, and so-in accordance with ihe excluolon,
principle. the N shell, ,the actual number of
electrons required to fill a shell has been exper
mentally determined.

Progressing away from the atomic nucleus, the first
electron shell which not have the full comple-
ment of electrons in wirmar is called the VALENCE''

. Even though the inert elements (helium,
neon, argon, Icrypton, xenon and radon) have a
complement of electrons in all shells, the Outer, shell of
these elements is still' the VALENCE SHELL. The
stability of an atom is greatest when the valence shell

an atom is occupied by the full quota of allow-.
able electrons. Hence, the element has mini --

Mum stability while neon has maximum stability.
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Electronics and electron theory is very
recent science compared to chemical science. The term
VALENCE was used as a of the standard chemical
vocabulary long before the electron concept was evolved.
When the theory was firmly established, the
new term ELECTROVALENCE was officially adopted; the two
terms be used interchangeably.

The capacity of one element to combine with another
element is by the number of electrons which an
atom donates, or accepts, or shares with atom
to secure a complete valence 'shell, and is called ELECTRO-
VALENCE.

The valence of atom is expressed in terms
of a number, prefixea-Eri-7775i sign, indicating
how many electrons the atom gains or loses during a chemi-
cal reaction, indicating the number of electron-
pairs shared during the change. Generally, if the atom has

than half of the eight electrons to complete
Its valence shell, it will tend complete its
shell by removing electrons from the valence shell of some
other atom the process of forming a compound.
The atoms gaining electrons are prefixed by a
(-) sign. It is also generally true that if an atom has
half of valence shell filled, the atom may
act in either direction; that is it may its
valence electrons to one type of atom, but when combined
with some other , it may remove electrons from
the other atom tzrarrra own valence shell.

valence numbers are prefixed with either a
+ or 7.1gn depending upon the reaction which
takes place. If the element has less than half of its
required electrons, it will usually donate its
electrons to some other atom during the process'
forming a compound; and their valence number is prefixed
by a plus (+)

Previous discussions have shown that atoms possessing
more than half of their valence electrons tend
to fill their valence shells at the expense of other atoms.
Those atoms do not possess half of the electrons
required to fill the valence shell generally
their valence electrons to other atoms. When chemical
bonding is accomplished by an exchange electrons
between atoms, the atoms are said to be held together in an
IONIC

Many atoms react chemically to form a compound with-
out donating or accepting electrons; the atoms
share the electrons they have in common. The sharing of
valence electrons between is known as electron-
pair or COVALENT bonding.
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It was mentioned previously that ions
__and that they are atoms that have assumed a :barge. It

was stated that are positive and negative ions.
The process whereby an atom acquires a charge will
discussed at this time.

It is possible to drive one or more electrons out
any of the shells surrounding the nucleus. In

the case of incomplete shells, it also possible
to cause one or more additional electrons to become
attached to the . In either case, whether the
atom loses electrons or gains electrons, it is said

be IONIZED. For ionization to take place there
must be a transfer of energy results in a change
in the internal energy of the atom.

Thus, ionization is
atom loses or gains electrons.

process by which an

An atom having more than normal amount of
electrons acquires a negative charge, and called
a NEGATIVE ION.

atom that gives up some of its normal elec-
trons is left with less negative than positive
charges and is called a POSITIVE ION.

In the study of electronics, association of
matter and electricity is of paramount importance. Since
every electronic device is of parts made from
ordinary matter, the effects of electricity on matter must
be understood. As a means of accomplishing
this, all the elements of which matter is may
be placed into one of three categories: CONDUCTORS, SEMI-
CONDUCTORS, AND INSULATORS.. Conductors for , are
elements such as copper and silver which will conduct a
flow of electricity readily. Due to their good
conducting abilities they are formed into wire and used

it is desired to transfer electrical energy from
one point to another. Insulators (non-conductors)
the other hand, do not conduct electricity to any great
degree and are therefore when it is desirable
to prevent a flow of elecEinity. Elements and compounds
such sulpher, rubber, and glass are good insu-
lators. Materials such as germanium and silicon are

goo,d conductors, but canwit be used as insula-
tors either, since their electrical characteristics fall

those of conductors and insulators. These in-
between materials which do not make good conductors

good insulators are classified as semi-conductors.

It was previously mentioned that by the process
ionization, electrons could be removed from the

influence of the parent atom. These electrons,
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removed from the atom, are capable of moving through the
material under the influence external forces.
It is by virtue of the movement of these electrons that
electrical is transported from place to place.

The ability of a material such as copper
conduct electricity must therefore depend on the number of
dislodged electrons normally available within
material. Since copper is a good conductor, it must contain
vast numbers of dislodged FREE electrons.

To understand how the electrons become free, it is
necessary to refer to the electron energy levels
within the atom. It was previously stated that if
the right amount of energy was added to an orbital electron,
it would jump a new orbit located farther from
the nucleus. If the energy is sufficiently large,
jump may carry the electron to such a distance from the
positive nucleus that electron becomes free.
Once free, the electron constitutes the charge carrier
discussed, above. The problem remaining is to
determine how the electron in the piece of copper obtains

energy to become free.

After a moments consideration a person realizes that
the average of copper contains some amount of
heat energy. In fact, a piece of copper room
temperature (72° F) is approximately 5310F above absolute
zero! This temperature indicates that the , al-
though only warm to the touch, must contain a coal giable
amount of heat energy. phonons of heat energy,
along with other forms of natural radiation, elevate the
electrons the energy levels where they can be-
come free.

From the preceeding theories, one might
why all materials containing the same amount of heat energy
do not conduct electricity well. The answer lies
in the fact that the electrons in various materials require

amounts of energy to become free. The outer shell
has two energy bands called VALENCE BAND and the
CONDUCTION BAND. Between these two energy bands is an
energy called the forbidden gap or forbidden band.

Electrons residing in the valence band are
BOUND ELECTRONS. They are considered to be firmly attached
to the parent atoms and not available for the
conduction of electricity.

In order for an electron to become free
electron, it must gain enough energy from external forces
to jump the forbidden and appear in the conduc-
tion band.
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Once in the conduction band, the electron is
and may be made to move along through the conductor in the
form of electric current.

Insulators have a very wide energy gap. This means
that'a large of energy must be added to each
electron in an Insulating material before it
become free. Thus, at room temperature sufficient energy
is not available to cause electrons jump to
the conduction band and the material has practically no
free electrons.

The has little or no forbidden gap. Since
this is fiT157TEFIZY normal conditions the band
for a conductor contains a sufficient number of electrons
to make it a conductor of electricity.

The semi-conductor being neither a good conductor
or a good insulator an energy gap between that
of a conductor and that of an insulator.

r.
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